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PREFACE. 


The present series of articles on deciduous fruit insects and insecti- 
cides, Parts I to VII, comprises Bulletin 97. 

The first article deals with the grape leafhopper in the Lake Erie 
Valley. This insect, always more or less present in vineyards, 
becomes excessively abundant and destructive during certain years, 
when its control becomes very essential in the production of grapes 
of high quality. In this paper report is made on large-scale experi- 
ments in vineyards with a nicotine spray directed principally against 
the insect while in an immature stage. It has been found practicable 
so to destroy the nymphs of the first brood that the insect is unable, 
as the season progresses, to attain sufficient numbers to cause impor- 
tant injury. 

The second paper is on the life history and control of the codling 
moth in reference to its occurrence on pears in California and pre- 
sents results of spraying operations in pear orchards, which show 
beyond doubt that injuries from this insect on pears may be pre- 
vented quite as satisfactorily as in the case of apples. The spraying 
schedule developed as the result of these experiments has been 
adopted by a large number of pear growers in California. 

The third paper gives results of experiments against the rose- 
chafer as an enemy of grapes in the Lake Erie Valley. This is another 
insect which periodically causes very serious damage to vineyards, 
as well as to many other horticultural crops, especially in regions 
where the soil is sandy. The results, on the whole, do not show the 
degree of benefit that may be obtained by spraying operations against 
many other insects; nevertheless they point out the desirability of 
this work during periods of excessive abundance of the insect. 

The fourth paper, dealing with the California peach borer, is the 
result of observations made on this insect covering a period of two 
or three years and relates particularly to its life history. The meth- 
ods of control given, however, are those thought to be best under 
California conditions. 

The fifth paper, on the peach and plum slug, gives the results of 
observations on the life history and habits made during a period of 
abundance of this insect in the vicinity of Tallulah, La. The reme- 
dial measures suggested, while not actually tested under field con- 
ditions, will be, it is thought, entirely effective in preventing injury 
without burning of the foliage by the spray. 
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The sixth article, Notes on the Peach Bud Mite, brings together 
information on a creature which is held responsible for a stop-back 
effect on peach nursery stock, and which has not previously been 
classified and given a scientific name. 

The Grape Scale, comprising the seventh and last paper, deals 
with an insect which has been the cause of frequent complaint, espe- 
cially in the environs of Washington, during the past few years. The 
shedding of bark from the grape is, on the whole, unfavorable to scale 
insects, yet the present species, in several instances noted, has shown 
its ability to develop to a decidedly injurious extent. 

A. L. QUAINTANCE, 
In Charge of Deciduous Fruit Insects Investigations. 
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1 The seven papers constituting this publication were issued in separate form on Mar. 31, Apr. 1, May 


17, Oct. 17, and Nov. 6, 1911, and Feb. 24 and May 4, 1912, respectively. 
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Priate XVIII. The grape scale. Fig. 1—Showing how the young scales set- 
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ADDENDUM. 


Page 83, under the heading ‘‘Natural Enemies” Cryptus (Hamoplex) tejonensis, 
Cress. should have been included, since it is a parasite of Sanninoidea opalescens. 
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THE GRAPE LEAF- 


HOPPER IN THE LAKE ERIE VALLEY. 


By FRED JOHNSON, 
Agent and Expert, 


INTRODUCTION. 


The grape leafhopper (7yphlocyba comes 


Say) (fig. 1) is an enemy 


of grapevines familiar to almost every vineyardist, and doubtless at 
times it has become so numerous and destructive in his vineyard as 
to cause him considerable anxiety. Usually, however, in the vine- 


yards of the Lake Erie Valley, serious dep- 
redations by this pest are confined to some- 
what limited areas adjacent to rough lands 
and woodlots. A few vines at the ends of 
the rows or a few rows along the outside of 
vineyards will be injured year after year 
until the crop yield on these vines is consid- 
erably reduced. Under these conditions it 
receives shght attention from the average 
vineyardist and is regarded as more or less 
of a negligible quantity. Periodically, how- 
ever, some as yet unknown conditions seem 
to favor its multiplication and it spreads 
over wide areas causing injury amounting 
to many thousands of dollars. Such a con- 
dition obtained in the vineyards of Chautau- 
qua County, in the vicinity of Westfield, 
N. Y., during the seasons of 1901 and 
1902, cae many hundreds of acres of 


Fig. 1.—The grape leafhopper 
(Typhlocyba comes var. colo- 
radensis) : Adult. Greatly 
enlarged. (Original.) 


nee suffered greatly from the injury wrought by this pest. 
In 1903 the insect disappeared to a considerable extent and serious 
injury was again confined to limited areas until the season of 1910. 
The insect is now manifestly on the increase and during the past 
season (1910) spread through large blocks of vineyard. In fact, 
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toward the latter end of the summer its presence in more or less 
destructive numbers was evident throughout the entire grape belt. 
By far the greater injury occurred, however, in those vineyards por- 
tions of which have been continuously infested. With the general 
Increase of this pest throughout the Lake Erie Valley there has 
developed a feeling of anxiety on the part of many vineyardists 
and a general inquiry is being made as to the best means of holding 
it in check. 

Heretofore the chief factors in the lack of success of the vineyard- 
ist in his efforts to combat this pest have been that he has either 
failed to recognize the most vulnerable stage in its life history or 
else he has minimized its capacity for injury until this period has 
passed, only to be filled with regrets later in the season when his 
vines are swarming with the winged adults and the foliage is so 
badly injured by them that it presents a brown and scorched appear- 
ance which renders it functionless at a period when healthy leaves 
are necessary to the plant for the purpose of elaborating the sugar 
of the fruit and for the proper maturing of the new growth so that 
it will withstand the severity of the winter and make a vigorous 
growth in the following spring. If, however, the vineyardist will 
acquaint himself with the habits and development of this pest there 
is no doubt that he can combat it successfully when it is in the im- 
mature stages, before its wings are fully developed, by the thorough 
application of a contact spray. 


CHARACTERISTICS AND HABITS OF THE GRAPE LEAFHOPPER. 


Before proceeding to discuss remedial measures, the primary object 
of this paper, it may be well to consider briefly the characteristics, 
habits, and life history of the grape leafhopper, inasmuch as they 
vary greatly from those of another very destructive pest of the 
grapevine, namely, the grape rootworm. 

The grape leafhopper is a minute insect, less than one-eighth of an 
inch long. The body and wingsare of a light yellowish color, and the 
wings entirely envelop the upper part of the abdomen in a rooflike 
covering when the insect is at rest. This position of the wings has 
an important bearing on the killing effect of a contact spray. As the 
hibernation period approaches, the more pronounced yellow marking 
of the wings and body changes to an orange-red, which, however, 
exists only during the winter months and disappears after the insect 
has fed for a short time on the foliage of the vine during the follow- 
ing spring. These winged forms are the mature or adult insects and 
are the forms most familiar to the casual observer. The adults are 
frequently found in large numbers leaping and flying actively among 
the foliage of the vines during the early part of the grape-picking 
season, In September and early October. Sometimes during bright, 
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warm afternoons of early autumn the air will be filled with thousands 
of these little creatures drifting somewhat aimlessly on the light 
breeze and causing considerable annoyance by get- 
ting into the eyes, ears, and mouth of the beholder. 

A close observation of the underside of the leaves 
of grapevines at this season is likely to reveal the 
immature or nymphal stage of the insect (fig. 2). 
These vary greatly in size, from those just hatched 
to the full-grown nymphs with well-developed wing 


Fic. 2.—The grape 
pads (fig. 3), but they have always the same general = leafhopper: 


‘ ya 4 a | ae Nymph of the first 
form. These leafhoppers belong to the same order Joi Greatly 


of insects as do the scale insects and the plant-lice — enlarged. (Origi- 
and secure their food by sucking the juices from the ™”? 

plant in much the same manner as the mosquito sucks blood from an 
animal. A knowledge of this method of taking food is of the great- 
est importance from an economic standpoint, since insects which take 
their food in this way are usually amenable to a spray application of 
an entirely different quality from that which 
is used in the case of insects which chew or 
masticate their food. Sucking insects are 
usually combated by the use of some caustic 
or smothering substance which must come in 
direct contact with the outside of the body 
of each individual, practically at the time 
of application and in sufficient quantity and 
strength to effect its almost immediate de- 
struction; whereas, in the case of the chew- 
ing’ Insect a stomach poison must be apphed, 
not to the body of the insect, but to the sur- 
face of that portion of the plant or fruit 
upon which the insect feeds. | 


Fig. 38.—The grape leafhop- 
per: Fully developed 
nymph of the fifth molt. The adults and the nymphs of the grape 


Greatly enlarged. (Origi- 


‘ae leafhopper feed upon the underside of the 


grape leaf and by sucking the juices there- 
from cause it to take on a yellowish, mottled appearance (fig. 4), 
which later turns brown, and where the infestation is heavy the leaves 
dry out and become functionless before the fruit is mature. (See 
fig 5.) 
LIFE HISTORY. 
HIBERNATION. 


The grape leafhoppers pass the winter as winged adults, which 
migrate from the vines during October. By the time the grapes are 
harvested only a small percentage of the adults will be found upon 
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the vines, although little foliage may have fallen from the vines by 
that time. During the entire month of October a general dispersion 
of the adults is in progress throughout the infested area. This disper- 
sion is apparently quite aimless, the individuals settlhng down and 
collecting wherever sufficient shelter in the form of fallen leaves, sod 
lands, hedges, woodlots, and swales is adjacent to the vineyards. 
Large numbers of them probably never leave the vineyards, passing 
the winter under the protection afforded by fallen leaves, clumps of 
grass, weeds, and cover crops. After leaving the grapevines they 
feed to some ex- 
tent upon the still 
green grass, weeds, 
and cover crops, 
and become more 
or less active when 
disturbed during 
the warmer days 
of winter. 


SPRING EMERGENCE 
OF ADULTS. 


Karly in May, 
as the days be- 
come warmer and 


to throw out new 
growth, the adults 
leave their winter 
protection and 
feed somewhat in- 
discriminately 


Fic. 4.—Grape leaf in early stages of attack by the grape leaf- Upon berm ew 


hopper, showing the characteristic mottling of the upper sur- erowth of almost 


f ’ Original. 1 
ace. (Original.) any plant with 


which they come in contact, showing some preference, however, for 
the foliage of bush fruits such as wild blackberries, cultivated rasp- 
berries, and strawberries. This promiscuous feeding terminates with 
the unfolding of the leaves of the grapevine and there is a general 
migration of the insect back to the foliage of the grapevine, this being 
the only plant upon which this particular species of leafhopper is 
known to reproduce. es 

The adult “ hoppers ” first attack the foliage or sprouts springing 
from the base of the vine or from canes near the lower wire of the 
trellis. When the adult insects are very numerous, sufficient injury 


plants commence 
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results to check the development of the foliage and to retard the 
growth of those new shoots which spring from, the canes near the 
lower wire of the trellis. This early retardation of growth is more 
important than would at first appear, for it is highly desirable that 
these new shoots springing from the canes near the lower wire of the 
trellis should make a thrifty growth during the early part of the 
season, since it is from them that canes for bearing the next season’s 
crop of fruit are selected. This feeding of the overwintering adult 
“hoppers ” continues for several weeks; in fact, many of them may 
remain upon the vines 
until some of the new 
generation has ma- 
tured. 


THE EGG STAGE. 


- Egg laying by the 
overwintering fe- 
males does not com- 
mence in the vine- 
yards of the Lake 
Erie Valley until 
about June 1, after 
the adults have been 
feeding upon the 
vines for several 
weeks. The eggs are 
deposited on the un- 
derside of the leaves. 
They are tucked un- 
der the skin indis- 
criminately as to lo- 


cation on the leaf and pe. 5.—Grape leaf showing final result of attack by the 
are very difficult to grape leafhopper; leaf withered and brown before the 


‘ fruit is mature. (Original.) 
locate on those varie- 
ties possessing a heavy pubescence, as is the case with the Concord. 
The egg stage covers a period of about 10 days to 2 weeks. The period 
of ege deposition is obviously a long one, since newly emerged nymphs 
are present upon the foliage from the middle of June until late in 
October. Observations indicate, however, that the maximum deposi- 
tion must occur during the last three weeks in June and the first week 
in July, since the period when there is a maximum number of nymphs 
upon the leaves is included in a period from the last week in June 
until about August 1, at which latter date many fully developed 
nymphs are making their final molt. 
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THE NYMPHAL STAGES. 


8 


The young “ hoppers,” or nymphs, commence to appear about the 
middle of June, and a close examination of the underside of infested © 
leaves at this time is likely to reveal a number of recently hatched | 
nymphs, at about the stage shown in figure 2, running actively over 
the surface. In hatching from the egg the young “ hopper” has to | 
force its way through the pubescence on the underside of the leaf, | 
and in doing so appears as a minute, whitish object, which, when | 
examined under a lens, is seen to possess a pair of red eyes. After — 
a few minutes of laborious struggling it forces itself to the surface | 
of the pubescence, where its legs and antenne spread and become — 
disengaged and the tiny creature is ready to commence its destructive 
operations. This it does by thrusting its tiny beaklike mouthparts 
into the tissue of the leaf and extracting the juices. As the season 
advances it is not uncommon to find individual leaves supporting 
from 200 to 300 of these nymphs in the various stages of nymphal 
development. 

As the nymph increases in size it casts or molts its old skin for a 
larger one. There are five of these molts before the nymph reaches 
the adult stage. The first four require a period of 5 days for each 
molt, and between the fourth and fifth molts there is a period of 12 
days. Hence about a month is required in which to complete the 
nymphal period. Figure 3 represents a nymph after the fourth 
molt with fully Geveloped wing pads. 

The term “hopper” applied to this form of the insect is a mis- 
nomer and is likely to create an erroneous impression concerning the 
movements of the insect at this period of its life history. The 
nymphs do not hop or leap, as the term “ hopper” would imply, and 
although they run about very actively on the underside of the leaf 
and sometimes a few of them may be seen running down the stem of 
the leaf and also upon its upper surface, it is doubtful if the Journeys 
of more than a very small percentage of them extend beyond the con- 
fines of the leaf upon which the eggs from which they were hatched 
were deposited. This limited area of movement of the insect during 
this period of its life is exceedingly important from an economic 
point of view, since it admits of its destruction during the more rapid 
erowing season of the vine and at a period when there is slight 
possibility of reinfestation of treated areas. 


THE ADULT. 


With the final molt and the full development and use of its wings 
the adult leafhopper becomes an extremely agile and active creature, 
leaping and darting rapidly from leaf to leaf at the slightest dis- 
turbance, being much more active during the warm weather than on © 
cold, windy days, when it can be dislodged from its shelter under the 
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foliage only with considerable difficulty. It is in this stage, as men- 
tioned in a previous paragraph, that the insect becomes disseminated 
over vineyard areas. Nevertheless, the spread of the adults does 
not become general until late in the season, when migration for the 
purpose of hibernation takes place. This feature of its movement 
was adequately and strikingly demonstrated in several vineyards 
where experimental work was carried on against the nymphs during 
the season of 1910. In no case was there a serious reinfestation of 
the thoroughly treated vines, although adjoining untreated rows 
were heavily infested throughout the entire season. Hence, we are 
led to the belief that widespread dissemination of this pest takes 
place largely during the fall migration, when the adults rise in the 
air and are carried by the winds, and, again, during the spring mi- 
_ gration, when they leave their winter shelter and return to the vines. 
Thus the vineyardist who has been successful in destroying the 
nymphs during the summer need have little apprehension of rein- 
festation later in the season from adjacent infested and untreated 
vineyards. 
REMEDIAL MEASURES. 

In discussing the subject of remedial measures for the control of 
an insect pest, 1t is always highly desirable to take into considera- 
tion cultural and other operations involved in the production of the 
particular crop under treatment in order that the recommendation 
of methods of control which may conflict with the most desirable 
farm practice, or may be impracticable on a commercial scale, may be 
avoided. Modifications in vineyard or orchard management by the 
adoption of new methods may also seriously conflict with earlier 
recommendations which were quite feasible when first suggested. 
Thus, earlier writers have laid considerable stress upon the value of 
clean culture of vineyards and the gathering up of all trash and 
leaves in and bordering upon them as a means of greatly reducing 
the number of overwintering “hoppers.” Unfortunately, however, 
this cleaning-up process is impracticable over large areas, and it 
not infrequently happens that adjacent rough lands which furnish 
winter protection outside the vineyards are not under the control 
of the owner of the vineyard. Furthermore, the practice of grow- 
ing winter cover crops of clover, vetch, turnips, etc., in vineyards, 
a practice highiy desirable both from the standpoint of increasing 
the fertility of the soil and preventing soil wash during the winter 
months, has become quite general throughout Erie County (see PI. 
I, figs. 1 and 2). There is no doubt that cover crops tend to hold 
more of the hoppers in the vineyards than where clean culture is 
practiced. Yet many vineyardists are convinced that the ultimate 
advantage to the vine is so much in favor of the cover crop that they 
prefer to continue this practice, if possible, and look for some other 
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means of controlling the grape leafhopper, and are turning their at- 
tention toward a summer spray treatment as a means of control. 

The active movements of the overwintering adult “hoppers” when 
feeding upon the new growth of vines in the early spring and the 
fact that they are somewhat protected by the wings (which, when 
the insect is at rest, form a rooflike covering over the softer parts 
of their body) (fig. 1). greatly lessen the efficiency of a contact spray, 
first, because of their rapid movements, and, second, because, even 
if hit by the spray, they are not destroyed unless it is of so great 
a strength that it would injure the tender new growth of the vine. 

Another device for the destruction of these overwintering adults 
has been the use of shields smeared with some sticky substance. 
This method, however, is quite laborious, and is practicable only for 
small areas, and in the opinion of the writer is necessary only when 
the overwintering insects are very numerous and lkely to work 
great injury to the new growth. 

In view of the difficulty to be encountered in overcoming the over- 
wintering adults, and confident that this pest can be controlled by a 
spray treatment applied during the nymphal stage, the experimental 
work of the bureau was confined entirely to a spray treatment against 
the nymphs. | 

These experiments were undertaken in portions of vineyards which 
had suffered from attacks of this pest for several years and in which 
it was becoming more destructive each year, and although the over- 
wintering adults were quite numerous and their injury to the new 
shoots was much in evidence, no attempt was made to check them 
Im any way. 

SPRAY APPLICATIONS AGAINST THE NYMPHS. 


From the middle of June, when the nymphs first commenced to 
appear, a close watch was kept on their development, the object being 
to determine approximately the date at which the maximum number 
of nymphs would be present upon the foliage before those earliest 
to hatch had developed wings and before serious injury to the foliage 
(evidenced by a yellow mottling of those leaves most heavily infested 
by the nymphs) had become apparent. During the summer of 1910 
this date was about July 12. At this time a small number of the 
nymphs earliest to hatch had entered upon their last molt (fig. 3), 
and the number present upon the leaves in earlier stages of develop- 
ment was very large, indicating that about the maximum number 
of nymphs was now present upon the foliage. 

The first spray application was made July 12, the substance used 
being blackleaf tobacco extract, a dark, almost viscid liquid contain- 
ing 2? per cent nicotine. 

Since no data were at hand to indicate the minimum strength at 
which the solution would kill the nymphs it was necessary to spray 
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FiG. 1.—COVER CROP OF VETCH IN VINEYARD OF MR. JOHN HIGGINS, NORTH EAST, 
Pa. (ORIGINAL.) 


FiG. 2.—COVER CROP OF TURNIPS IN VINEYARD OF MoTTIER BrRos., NORTH EAST, 
Pa. VINEYARD BADLY INFESTED BY GRAPE LEAFHOPPER, WHICH WAS EFFEC- 
TIVELY TREATED WITH BLACKLEAF TOBACCO-EXTRACT SPRAY. (ORIGINAL.) 
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a few vines with different dilutions. Accordingly several vines were 
sprayed with the following dilutions: 


TARLE 1.—Dilutions of blackleaf tobacco extract as used in experiments against 
the grape leafhopper. 


Plat wee a | 
No. | ber of Strength of dilution. Results. 
* | vines. | 
1 AG mincallonutoy/oreallonsiwaterese. see ee ee | All nymphs hit by spray were killed. 
2 Aimiecallonstos 00;eallonsswatere sues see | Do. 
3 ANmiccallonitol2agallonsiwatetes- pease eee se cee: | Do. 
4 Angallonsto) 150; gallons waters se. sees eee sees 2 sae | Do. 
5 4) iegallon to) 200) gallons waters. -5..-2254------2-- Do. 
6 Ab CLC ATAW.ALe Tsetse tka a epnine ncn yee ai cepa YL | No nymphs killed. 


Blackleaf “40,”* another form of highly concentrated tobacco ex- 
tract, was also used at a much greater dilution, as shown in Table II. 


TABLE II.—Dilutions of blackleaf “ 40” as used in experiments against the grape 


leafhopper. 
Num- 
Plat ber of Strength of dilution. Results. 

vines. 
1 4)\ i gallon to 1,000 gallons water....-.2.-'....-2.--=. | Allnymphs hit by spray were killed. 
2 Ay lreallonitowles00jgallonsiwaterss. 220-2252 5-222.- 2 | Do. 
3 4 | 1 gallon to 1,750 gallons water.................... Do. 
4 4 | 1 gallon to 2,000 gallons water.................... All but fully developed nymphs were 

killed. 

5 AT MC LCT RWC LO Tr a ses eee rere eh teen I ni LAU _.| No nymphs were killed. 


All of the spray applications indicated above were made with a 
hand pump carrying a pressure of about 80 pounds. A short rod 
with a nozzle set at right angles attached to a 40-foot hose was used 
to apply the spray to the nymphs upon the underside of the leaves. 
Great care was taken to wet the underside of every leaf. The result 
of these applications could be determined within an hour after they 
were made, or as soon as the leaves became dry. Those nymphs that 
were not hit and killed by the spray would be found running about 
quite actively; thus the efficiency of the spray was quickly apparent. 
It was found that a larger amount and a greater strength of the 
tobacco quid was required to kill the nearly full-grown nymphs, 
and also that only a very small number of the winged adults was 
destroyed by the spray. 

After the lnlling strength of the blackleaf tobacco extract had 
been determined, several experiments covering areas of several acres 
each were undertaken in a number of vineyards. On the vineyard 
of Mr. H. H. Harper about 6 acres of the worst infested portion of 
his vineyard was sprayed from July 14 to July 16, when the majority 
of the nymphs were small. Blackleaf tobacco extract was applied 
at a dilution of 1 gallon of the extract to 150 gallons of water. A 
traction sprayer was used and a pressure of from 75 to 125 pounds 


1 Containing 40 per cent of nicotine. 
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was carried. The cause of this great variation in pressure was due 
to the fact that it is impossible to wet the underside of all of the 
leaves if the machine is stopped at frequent intervals. 

The spray was applied to the underside of the foliage by means 
of what is known in vineyard spraying operations as a “trailer ”— 
that is, instead of delivering the spray to the foliage from nozzles 
attached to a fixed rod upon the spraying machine a 4-inch hose 
from 20 to 40 feet long is attached to the discharge of the pump. To 
the free end of this lead of hose is connected a 41-inch red about 
2% feet long carrying either one or two nozzles of the cyclone type set 
upward at right angles to the rod. This short rod is held by the 
operator and is thrust in among the leaves of the vine and quickly 
moved about and withdrawn, requiring rapid movements in order 
to cover the underside of all of the leaves and at the same time not 
waste much of the liquid. The operator must always bear in mind 
that the spray lquid must come in contact with each individual 
nymph that is to be destroyed. This is the only method known to us 
at present of making a liquid spray application effective. We have 
made several attempts to deliver the spray to the underside of the 
foliage by means of nozzles fixed to the machine but have achieved 
only partial success by that method. 

By many vineyardists this “trailer” method of application has 
been considered slow and expensive. Yet, as worked out this season 
on the experimental plats of the Bureau of Entomology it has not 
proved more so than applications made for other vineyard pests. 

The cost of the application on the vineyard of Mr. H. H. Harper 


at North East, Pa., was as follows: Blackleaf tobacco extract at a | | 


dilution of 1 to 150 cost approximately one-half cent per gallon. 
The area of vineyard covered per day was 3 acres, and the items 
of expense were as follows: 


Oneiman ‘tooperate Spray. Tod =e ee per day_- $1.75 
Team to haul. Sprayer ss 2 es oe ee eS nee Gee eS 
QOne boy toxcdrive, team = Since Ve ee eee Goss Oe) 
Cost, of spray. liquid for 3 °Aeres tee se ae ee dow25 NEA 
Hotal cost, for 3\actes= = eee 7.40 
Total’ cost: per were: 2222220 Ee ee eee eae 


A block of 11 acres of badly infested vineyard belonging to Mr. 
G. E. Pierce was sprayed July 14 to 16 with blackleaf extract, using 
1 gallon of the extract to 100 gallons of water. The “ trailer ” method 
of application was employed:as in the previous experiment. In this 
instance, however, two nozzles were used and about 200 gallons of 
liquid were applied per acre. This increase in the strength of the 
liquid and of the quantity employed raised the total cost of the appli- 
cation to $3.75 per acre. A part of this increased cost of application, 
however, was occasioned by trouble with the water supply during 
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Fic. 1.—INJURY BY GRAPE LEAFHOPPER (TYPHLOCYBA COMES) TO UNSPRAYED VINES. 
(ORIGINAL. ) 


Fic. 2.—PERFECT FOLIAGE OF SPRAYED VINES. VIEWS FROM EXPERIMENTAL PLATS 
IN VINEYARD OF Mr. H. H. HARPER, AT NORTH EAST, PA. (ORIGINAL.) 
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this spraying, and Mr. Pierce is confident that under favorable condi- 
tions the cost per acre could be materially reduced. 

A portion of the vineyard on the farm of Mr. John Higgins which 
has been seriously infested by the grape leafhopper, to which he 
attributes the shrinkage of several thousand baskets of fruit during 
the past two or three seasons, was treated in the same manner as the 
vineyard of Mr. H. H. Harper. 

On three blocks, however, the strength was varied as follows: 
Blackleaf tobacco extract, 1 gallon to 75, to 100, and to 150 gallons of 
water. As far as could be observed the dilution to 150 gallons of 
water was as effective as that to 75 gallons. All of the applications 
mentioned above were made before any of the nymphs had completed 
the final molt, and all of them were highly effective in reducing the 
number of the nymphs to a point where their injury for the remainder 
of the season was very slight. On all of these treated blocks the 
foliage remained dark green and growth continued until quite late in 
the season, whereas in adjacent infested and unsprayed vineyards the 
foliage commenced to turn brown before the fruit was ready to pick. 
In fact, the sprayed and the unsprayed portions of these vineyards 
were readily distinguished within two or three weeks after the appli- 
cation was made, and the difference in the condition of the foliage 
became more marked as the season advanced. . 

Plate II shows photographs of vines taken in the experimental 
vineyard of Mr. H. H. Harper. Figure 1 is an unsprayed vine, and 
shows the exposure of the fruit by loss of a part of the foliage and 
also the withered condition of the leaves still attached to the vines, 
as a ‘result of grape leafhopper injury. Figure 2 shows the perfect 
condition of the foliage on a vine growing in the adjacent row which 
was sprayed with tobacco extract. There is just as much fruit on 
the vine shown in figure 2 as on the vine shown in figure 1, but 
owing to the perfect condition of the foliage it can not be seen. The 
injurious effect of this pest upon the crop yield is cumulative. Asa 
result of several seasons of infestation the cane growth of the vine 
is stunted during the growing season, and the final outcome is a 
sickly vine producing small clusters of poorly ripened fruit. 

The owners of all of these vineyards were satisfied with the results 
of these experiments, and are planning .to treat their entire vine- 
yards with the tobacco extract next season if the insect is present in 
them in injurious numbers. | 

As the season advanced toward August 1, vineyardists began to 
observe the serious nature of the injury wrought by this pest. Most 
of them were unprepared to treat it, however, since they had no 
spraying material on hand, and many of the nymphs were passing 
from the last molt and developing wings. Nevertheless it was pos- 
sible to undertake another experiment on the vineyard of Mr. Charles 
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Mottier on August 3. At this date many of the nymphs had devel- 
oped to adults and these were very active. 

The blackleaf tobacco extract was used at a strength of 1 gallon 
to 100 gallons of. water and apphed in the same manner as in the 
previous experiments. Evidence of injury, namely, the yellowing 
of the infested foliage, was already noticeable. Shortly after the 
application was made, however, it was observed that the yellowing 
and browning of the foliage ceased on the sprayed portion, whereas 
on the untreated portion of the vineyard it increased, and by the end 
of September the difference in color and vigor of the foliage on the 
two blocks was very marked, although not so much so as in the 
blocks that were sprayed about the middle of July before any of the 
nymphs had attained full growth and developed wings. This indi- 
cates that the best results can be obtained by treating the nymphs 
before they commence to make too heavy a drain on the vines. An 
additional reason why the earlier application of the tobacco extract 
is desirable is that if it is applied earlier in the season, when the 
nymphs are small, a weaker dilution may be used. There are thus 
several advantages for the earlier application: First, the cost of the 
material is reduced; second, the drain on the foliage wrought by 
the large numbers of nymphs is checked; and, third, the possibility of 
tainting the berries of the fruit with the taste of tobacco—a condi- 
tion that was slightly noticeable upon the fruit in the vineyard which 
received the latest treatment of the season—is avoided. 


CONCLUSION. 


For several years past injury by the grape leafhopper in the vine- 
yards of the Lake Erie Valley has been confined to limited areas. 
Its increase and dissemination during the season of 1910, however, 
should be a warning to the vineyardist to be prepared to combat it 
during the coming season if the adults are at all numerous when the 
vines “leaf out” in the spring. 

On account of the inability of the nymphs to escape from the under- 
side of the grape leaves and because of the soft and unprotected con- 
dition of their bodies the nymphal period is the most vulnerable stage 
of the insect. Unfortunately this is the stage at which the insects 
are the least conspicuous to the casual observer. For this reason in 
vineyards where the adults are common in early spring an examina- 
tion of the underside of the foliage should be made during the early 
part of July. If the nymphs are at all numerous a single thorough 
spray application of blackleaf tobacco extract applied to the under- 
side of the leaves before wings are developed will reduce their num- 
bers to such an extent that those remaining will neither seriously cur- 
tail the growth of the vine nor impair the quality of the fruit. 
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PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


LIFE HISTORY OF THE CODLING MOTH AND ITS CONTROL 
ON PEARS IN CALIFORNIA.. 


By 8. W. Foster, 


Agent and Expert. 


INTRODUCTION. 


The codling moth (Carpocapsa pomonella 1.) in California presents 
certain differences in its life history as compared with what is true 
for the East, principally a lengthening of the respective stages, 
due to a lower mean temperature during their period of development, 
especially in the first generation. As remedial measures can only 
be properly prescribed when based on a complete knowledge of the 
insect to be controlled, such observations as were possible on the life 
history of the insect in the vicinity of Walnut Creek were made during 
the seasons of 1909 and 1910. These, with field notes from other 
sections. during 1910, are given in the following pages. For com- 
parison, and also to further supplement the writer’s own observa- 
tions, some data from San Jose, Cal., are included, as secured by Mr. 
F. L. Young, of the Bureau of Entomology, working under the direc- 
tion of Mr. P. R. Jones. 

The pear crop of California suffers much from injury by the codling 
moth, and in view of the commercial importance of this crop, the 
losses represent in the aggregate a large item. The injury is espe- 
cially important on green fruit destined for shipment to eastern 
markets, but even in the case of drying stock there is without doubt 
an important deterioration in quality. The results of experiments 
reported in this paper show that much may be done to lessen this 
damage by two or three timely applications of poison sprays, and it 
is hoped the recommendations may prove of value to California pear 
orowers. 

The writer desires to acknowledge the assistance of Mr. E. J. 
Hoddy, formerly of this bureau, in helping with part of the spraying - 
experiments and in taking results. Also, to express thanks to 
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Mr. G. W. Whitman and Dr. F. W. Bancroft, of Concord, Cal., and Mr. . ' 
G. W. Langdon, of Suisun, Cal., for their hearty cooperation in fur- 
nishing labor and material to help in the experiments. 


LIFE-HISTORY NOTES ON THE CODLING MOTH IN CALIFORNIA. 
OVERWINTERING LARVZE. 


Many codling-moth larve could be found in the orchards and 
around the packing sheds during the winter of 1908-9, but all obser- 
vations go toshow that a comparatively small percentage of the larvee 
maturing in fruit the previous season went through the winter suc- 
cessfully. This may be partly explained by the fact that the pears 
are picked and taken to the sheds while a large percentage of the 
second-brood larvee is still in the fruit. Many of these larve are 
destroyed or taken so far away that the adults fail to get back to the 
trees in spring. However, larve were frequently found under old 
burlap bands left on trees, and in the cracks and crevices and under 
rough bark. 


SPRING BROOD OF PUP. 


The earliest date of actual pupation was not observed, but'the first 
pupa was found on March 11, 1909. In removing the bands from 
seven pear trees in the Ygnacio Valley near Walnut Creek, 8 larvee 
and 2 pupz were found. The next day, March 12, 32 larve and 6 
pup were found in the same orchard. March 22, another search 
showed 7 larve and 6 pupze. On March 23, while looking through 
some boxes at a vinegar factory, 16 larve and 9 pupz were found. 
These boxes had been kept under shelter during winter. One 
freshly shed pupal skin was found in the corner of a box, indicating 
that the first larva had perhaps pupated in February. On March 
27, 14 pupe and 1 pupal skin but no larvee were found under bands. 

The larvee collected on these dates, together with a small sending 
from San Jose, were kept separately in vials, with bits of paper and 
cloth, for pupal records. Records kept at San Jose showed the first 
pupa on February 20. (See Table III.) 

During February, 1910, about 300 larve secured from banded trees 
the previous season were put in vials for individual pupation records, 
Four of these larve had pupated by March 12. Of the 118 which 
produced adults in spring, 95 had pupated by March 31 and all had 
pupated April 10. The dates of pupation are given in Table II. 
Practically all larve under observation out of doors at the laboratory 
at Walnut Creek in 1909 and 1910 and San Jose in 1909 had pupated 
by the last of April, giving some two months during which larvee 
transformed to pupxe. From the appearance of the first pupa, Feb- 
ruary 20, till the emergence of the last moths from overwintering 
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larvee, in early June, gives some three months for the transformation 
period of all the overwintering larve to adults. 

Length of pupal period.—The time spent in the pupal stage varies 
considerably for different individuals, but all of this brood in 1909 
required a month or more, the average time being 39.54 days. (The 
period of emergence of moths lasts some two months, from the first 
to the last appearing individuals.) Individual records were started in 
the spring of 1909 for 128 larve, but moths emerged from only 68. 
These records are given in Table I. 


Tasie I.—Dates of pupation, duration of pupal period, and dates of emergence of moths 
of the spring brood from overwintering larve, Walnut Creek, Cal., 1909. 


Date of— | Date of— Date of— 
Indi- Indi- Indi- 
vidual Pupal |) vidual Fupal || vidual Eupal 
No Pupa- | Emer rte. No. Pupa- | Emer- oe No Pupa- | Emer- |P g 
tion. gence. tion. gence. tion. gence. | 
Days. Days Days 
MS ee Mar. 11 ; Apr. 20 AQ 2a ss Mar. 27 | May 6 40 |} 49..... Apr. 4 | May 17 43 
DE ie 16 20 St) |) ZAosue a 27 6 A()\}|| "50.25 =~ 4 17 43 
aheese 16 27 LOR Ale eee 29 7 BOn Wolemaes 5 17 42 
Anite 16 24 On| |RZSseeee 29 6 Boy Hl BA oe 5 22 47 
ays ee 17 21 SoM |Z Oe 30 7 Soil OSs 5 19 44 
Goss 17 22 36) |2o0h ase. 30 7 Shoiullll ee wecee 7 24 47 
(ope 17 | May 1 45 || 31... 30 7 38) ||Oos ae =< 20 26 36 
Seen! 17 2 AGU 2 sae Apr. 1 6 Bo) || POON eae 21 26 35 
Oiniak 18 11 54 || 33. . il 7 SOM foley aoe 20 25 35 
OEE 18 2 45 || 34....- 1 8 Oi iN Oss oes 20 27 37 
I ee 18 1 | AAW BOL... 1 9 Bie) (| eee 22 29 | 37 
De 18 3 46 || 36....- 2 9 Sf (I) COs eace 22 24 | 32 
Bene es 19 4 46 || 37..... 2 9 Sie Oeyeee Qi eee Sia Te does 
Ae 19 9 OE Sie eee 2 9 Sie MO2Sa ae 26 29 | 33 
INS ae 19 4 AGH |e 9 a= 2 10 SO OSes ae 27 30 33 
Ghee 21 4 44 || 40....- 2 10 Sei Cees es 25 28 33 
eae 21 2 42 || 41...-. 2 11 Boe Gonseee 21 28 37 
See 22 5 44 || 42.__.. 2 20 48 || 66.-..- 16 25 | 39 
TGs ie 22 5 44 || 43..... 4 10 SOOM = see 16 26 | 40 
A oi 3 23 5 43 || 44..... 4 12 38 || 68..... 18 30 42 
As ee 25 6 ADA Aan ues 4 13 39 == 
DN nine 25 4 40 || 46._... 4 13 39 AV CTIAG Cen aet Sean 39. 54 
EDS re 27 5 39h || PAaee 4 14 40 Wk phonies Ge oa e ae 54. 00 
7 eae 27 6 40 || 48 4 17 43 (Mian raierray rae eat 32. 00 


From some 300 larvee put in vials for individual records in Febru- 
ary, 1910, 118 completed pupation and produced adults. Records of 
these are given in Table II. As will be seen, the pupal period was 
shorter for the spring brood in 1910 than was the case in 1909. In 
1910 the minimum was 21 days, with a maximum of 46, averaging 
30.86 days for all individuals under observation, as against an average 
of 39.54 days in 1909. 
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TaBLeE I].—Dates of pupation, duration of pupal period, and dates of emergence of moths 


of spring brood from overwintering larvx, Walnut Creek, Cal., 1910. 


Date of— 
Indi- 
vidual 
No. Pupa- | Emer- 
tion. gence 
eae As Mar. 12 | Apr. 17 
Diet ae 12 17 
seas 12 16 
Ae: 13 18 
Geta 13 18 
O22-4. 13 17 
eee 14 14 
Soe 14 16 
co eae 14 17 
lie eel 15 17 
1h Gees | 15 17 
i 15 14 
Jey Sr 16 18 
1 eee 16 18 
ee S| 16 16 
Goan | 16 20 
liv ee oe 17 16 
Lisyee Ae | 17 21 
1, eee | 7 15 
ee | 17 17 
Die? 17 | May 2 
DD 17 | Apr. 21 
7S ee 17 20 
DANSE: 17 16 
Zoe 18 18 
2260S = 18 18 
Py (See 18 19 
2822 =. 18 16 
PA Eee 19 20 
aeseee 19 18 
Sie 19 16 
Soe ie 19 22 
2S ee oie 19 17 
3) eee 19 17 
Soeee as 19 24 
3625220 19 16 
Bie see 19 16 
See suse 20 22 
o) eae 20 a 
AQ. 2 22 20 24 
7 at aa 20 21 


Date of— Date of— 

Pupal Gis Pupal Indi- Pupal 

prac vidual lpeariadd vidual iod 

|P No. | Pupa- | Emer- | P No. Pupa- | Emer- |P&tl0c- 
tion. gence. tion gence. 

Days. || Days. Days 
ag) |] Ge sce Mar. 20 | Apr. 18 29) 8225262 Mar. 25 | Apr. 27 33 
Woy |) 4B cece ; 20 22 S|) CBee 26 26 31 
35 || 44..... 20 30 41 || 84..... . 26 28 33 
36017455 20 20 Sil ll GGo-cs- 27 30 34 
36 || 46...-: 20 20 S| 8Gs2- == 28 30 33 
Si |) eWeceoe 20 24 S5)-|]) Vises. = 28 30 33 
O21 P482 525 21} May 1 41 || 88.__.. 28 | May 3 36 
34 || 49..... } 21 | Apr. 18 28 | 89-22. 28 7 40 
SON OOS 21 2 32u90see 29 2 34 
er | es) ie 21 23 33) [soe 30 | Apr. 30 31 
34 152-2222 21 24 34s O2aee 31} May 4 34 
30) ||R53555—- 21 24 345,932 e5 31 9 39 
Soul} O43 eee 21 21 SL Q4e se 31 12 42 
664 |i G5pcace 21 24 34) E95 sees 31 3 33 
Bul Il Bo eee 21 20 305} | S90 S=ae2 Apr. 1 6 35 
Sil GWiee see 21 20 30 |sOqeeee 2} Apr. 24 22 
SOR PoSaa 21 21 33 || 98..-.- 2 27 25 
BE || GONE oe 21 23 33 || 100. 2 30 28 
ZOU GOhNe ue 21 22 32 |} 101. 2 28 26 
SID eGil eee 21 18 28 || 102.. 2}) May 3 31 
46 || 62..... 22 22 ele |) 108} 2 | Apr. 26 24 
Sou Goan ee 22 22 31 || 104_. 2} May 3 31 
34. (6422 == 22 24 33 || 105.- 4 6 32 
a eG eee 22 22 SS) PLOGS ses 5 9 34 
Sih) Gao ee 22 24 33 || 107. 6 | Apr. 30 24 
GH Gee Soe 22 26 35 || 108. 8 | May 6 28 
327 ROSeeee 22 23 32 || 109.. 8 7 29 
295) 169s 22 28 37 |} 110. 8 11 33 
S21 |) (One 22 18 74e\) Wah 8} Apr. 29 21 
SO bese. 22 21 30 || 112. 9 30 21 
sii} (Pa oe ee 22 20 29 || 113. 9 | May 14 230 
EW Boke 22 22 31 || 114. 9 10 ok 
PAN | aan 22 22 a | AS eS 9 6 27 
2S enosenee 22 23 32 ll 16) Q! 6 27 
BD WiZGeecke 22 22 SES || ee 10 5 25 
7 | eee 22 20 29 |) 118-5. | 10 7 27 
28 ||) 78:2 = - 24 23 30 } | 
PBA VM heer 24 | 26 33 || INViCLAS Casas eee 30. 86 
32 || 80..... 24 | 27 34 || Mascrini inte ee 46. 00 
Shilo 24 | 26 33 || Minimum....._._- 21. 00 
32 | 


Table III gives records for 31 larvee which pupated in vials out of 
doors at San Jose, Cal., in the spring of 1909. 


TaBLeE IIIl.—Dates of pupation, duration of pupal period, and dates of emergence of moths 
of spring brood from overwintering larve, San Jose, Cal., 1909. 


Date of— 
Indi- 
vidual | 
No. ; Pupa- | Emer- 
tion. gence 
Lease Feb. 20 | Apr. 17 
Deak Mar. 5 26 
Sees 29 | May 3 
Bee = Apr. 9 11 
aade Mar. 23 3 
eee 15 3 
7 26 3 
S258: 27 3 
Nee 9 | Apr. 26 
Qos 2 25 4 26 
10 Eee Apr. 1} May 1 
2 oe ae Mar. 30 6 


| Date of— | Date of— 
Indi- | || Indi- 
vidual Ups | vidual ee 
No Pupa- | Emer- peEto "|| No. Pupa- | Emer- He 
tion. gence tion gence. 
| 
| Days. | Days 
Ip es | Mar. 11 | Apr. 28 AR 25 Mar. 9} Apr. 28 50 
as eer 4 26 53} e26S"eee 24 28 35 
i 13 | May 1 AQ 27 ne 24 28 35° 
6s 12 | Apr. 29 48 || 28._... 29 28 30 
Ie ere Apr. 6 | May 10 34))\ 29082228) Aiprs sje Meyeas 32 
Bas Mar. 8 | Apr. 28 Sifu) Poser 12 4 22 
19a Apr. 1| May 3 S27 eo laa 12 17; 35 
20 a5 S2 1 3 32 — 
21 Ses 1 3 32 ANCILASC- 2842255 eee 40.61 
205s Mar. 29 35 Maximum .- 2S -2e-=- 56. 00 
FBR ale 9 | Apr. 28 50 Minimum 2295 aas 22. 00 
Davos 9 26 48 
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SPRING BROOD OF MOTHS. 


It is probable that the first adult appeared in 1909, about March 23. 
On this date an apparently freshly shed pupal skin was found, and 
another was found in the field on March 27. Bartlett pears were at 
this time just aboutin full bloom. The first moths were seen in the field 
onApril17. During spraying operations in a pear orchard three active 
moths were seen in the trees in the early forenoon. Others were seen 
on April 19, and on May 5 several were observed among trees in the 
corner of the orchard near the packing shed. The first moth appeared 
at the laboratory on April 9 from the lot of pupeze collected in the field 
March 11 to 22. These pupe were kept in glass jars out of doors, but 
some were injured, and only three moths emerged, namely, on April 
9, 13, and 14. The individual records show moths emerging from 
April 17 to May 30 (detailed in Tables I, IT, and III). This material 
was kept in jars out of doors in the shade. 

On May 6, 1909, several bands which had been on trees over 
winter were removed, and these, as also the trunks of the trees, exam- 
ined closely. Thirty-six shed pupal skins were found, but no larve or 
pupe, indicating that most of the moths had emerged by this time. 

In the spring of 1910 moths emerged in numbers somewhat earlier 
than in 1909. Individuals were seen in the orchard April 9, during 
spraying, although no moths emerged at the laboratory until April 14. 
At Suisun, Cal., April 5, while examining the trunks of trees for the 
presence of larvee and pupxe, many apparently freshly shed pupal 
skins were found on the bark. The next day, April 6, at Courtland, 
Sacramento County, Cal., shed pupal skins were even more apparent 
in comparison with the number of larvee and pupe found on the trees. 
At this time in the two last-mentioned places the petals had been off 
the trees for some days, and it is generally conceded that these 
sections are a week or ten days earlier than in the vicinity of Walnut 
Creek. Table IV shows the emergence of moths from overwintering 
larvee at Walnut Creek, Cal., 1909-10. 


Taste 1LV.—Emergence of moths from overwintering larve, Walnut Creek, Cal., 1909 


and 1910. 

Number of | | Number of Number of | Number of 

moths || moths moths moths 
Date. | emerging— || Date. emerging— Date. emerging— Date. | emerging— 
1909 | 1910 | 1909 | 1910 1909 | 1910 1909 | 1910 
Arora ds 0 Del PAsprS 26a 0 5 || May 8.. 1 Oo MMiava 20855 nam 0 
ee 0 1 | Dh iL | 3 || ome 5 2 in 0 0 
16.. 0 9 | Sie 0 | 3 || WO 3 1 Tp. 1 0 
es 0 9 BD) 0 | ith ane 2 1 23... 0 0 
ise. 0 10 | S00 8 || 1S 1 1 oe 2 0 
192 0 fe Mave oleae 2), 0 1K e: 2 0 Din 2 0 
20. . 2 9 | oe al 3 ca 1 1 26... 3 0 
oes 1 7 Sie i || 4 || toe 0 0 Daas 1 0 
DD. 1 11 | Ay 4 | 1 || IGs2 0 0 Dome 2 0 
OR 0 5 | Bow 4 | 1 Wee 4 0 29.: D 0 
Daa 1 9 Gee 6 | 5 I 0 0 30.. 2 0 
Osan 0 0 ie 5 3 19.. 1 0 Si 0 0 
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Table V gives the emergence of moths from a quantity of overwin- 
tering material kept at San Jose, Cal. The emergence record is shown 
graphically in figure 6. miss 


TaBLE V.—Emergence of moths of the spring brood, San Jose, Cal., 1909, from over- 
wintering larvx collected on banded apple trees. 


Date of emer- ee Date of emer- Nee Date of emer- b er of Date of emer- ae 
oot moths. | Te: moths. ea moths. || Benes moths 
| | 
SS yale iy feo ies 5 le Miry: paeen ae 30 | May) 10.0222. 47 || May 15....... 24 
DSi at A 1 |] Aa eece 36 Liha See ane 22 
eae 9 || Ae ee 34 || if Soe 20 Lie 94 
Mayen teao)5 0 36 || a SN 23 eas ae! 10 | 
7 oR 34 || ones isa 20 1 ee! 14) Total 426 
Seecee oe 25 || 


THE FIRST GENERATION. 
FIRST-BROOD EGGS. 


Time of oviposition.—No eggs were laid in breeding cages in 1909 
until May 7, but numerous eggs were found in the orchard on May 5, 


50 — 
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FiG.6.—W eekly emergence of codling moths from overwintered materialat San J ose, Cal., 1909. (Original.} 


18 of which were collected, mostly showing black heads of larve. 
These were carried to the laboratory and kept out of doors, the first 
hatching May 7; 14 more had hatched by May 15; the others failed 
to hatch. On May 11 eggs were numerous on the fruit and foliage in 
the field, and 8 recently hatched larve were found on two trees near 
the packing shed. As the average period of incubation was about 
21 days at this time, the approximate date for first oviposition in the 
field would be April 15. Since practically all moths in the field had 
emerged by May 6, it is not probable that any eggs were deposited in 
the field after May 15. The last eggs were secured in cages at the 
iaboratory on May 12. Although many moths emerged after this 
date in the glass jars, very few were alive at any one time. 
Corresponding with the time of emergence of moths, eggs were 
deposited earlier in 1910 than was the case in 1909. On April 25 at 
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Walnut Creek, three eggs were found on foliage in the field, and on 
May 2 eges were numerous throughout the valley. At Suisun, Cal., 
larve were hatching April 29, and on May 3 young larve were quite 
numerous in some of the warmer sections of Suisun Valley, indicating 
that eggs were deposited in numbers some two to three weeks before, 
that is, from the 12th to the 20th of April. 

Incubation period.—One noticeable difference between the life his- 
tory of the codling moth in California and in the country east of the 
Rocky Mountainsis the increased length of time required for incubation 
of the first-brood eggs. As a rule there is considerable cool weather, 
especially at night, during the months of April and May. This was 
especially noticeable in the vicinity of Walnut Creek in 1909. The 
time required for incubation varied from 17 to 22 days, averaging 
20.05 days for the individuals under observation. The individual 
record for 56 eggs, deposited from May 8 to 11, are givenin Table VI. 

In the spring of 1910 the period of incubation was not observed 
individually for many eggs, but all indications were that the incuba- 
tion period varied from a minimum of 15 days to a maximum of over 


30 days, with the majority requiring about 25 days. 


TaBLE VI.—Life cycle of the first generation, Walnut Creek, Cal., 1909. 


Date of— Days for— 

ANS. d iG Feed- [Mak Total 

ual No. | Egg dep- i arva TET a Nee ee aking ota 

osition Poul leaving EuDa gence of hae ing of | of co- A upaT life 

(night). op fruit. moths } larva. | coon. | P cycle 
1 Ree Maya Sine Maayan 2 OWN ies eee a ial Rec aas ee te Lay ate Py ps \aptea ape ps ape aaa gs cared eee fet ea 
Dept te 8 7A rats Ares eae aera Selle ety aia DANN pS peg DYES NE ele AE seh Ps as ea a 
Bases 8 Zi ere ee cereal Me hae aya SRI eR el PAU UP ao aR el ett al Eeneg ya a th 
ANSE. Rieti 8 | PASI Meta ahaa aise eee AN el |eaege re uaet PAD eS tats Se a ees nel PAL aE Keay A 
Gi aes 8 | Males Boe HaaallsoseopeTalesedeoe sae PAU NS gieatees vn | eens | er iupera| Lervats i eoc 
(Qe eecrear 8 | 28 | June 24) July 1] July 24 20 27 7 23 77 
Scat ee 8 | 28 DLA ee ete haces eee neta se 20 SO ee rarest lee Nee aa Eee ar 
Sor nee 8 | 28 29 | 4 25 20 | 32 5 21 78: 
ae teerae 8 29 29 5 23 21 31 6 18 76 
lO 3s 8 Dial seiees Bier Dyes | eee ie ee ieay mca eS PAD cree eclies peal | eeu sean MMs ae Oe EME LNG I 
Wi Sees 8 29 24 2 18 21 26 8 16 71 
PA ae aaa ae 8 29 DAG be ay Seieoctee S| ae athe ae 21 PASIAN Wis hates a le RCN eal Late 2 
aS eee ae 8 29 PASTE eine es a as | ay A 21 Sis] SAC Rie yells Ue Ia tl Ha ae 
Ae a eee § PASE AES ral ase ears acon (eae eta PANN ey ade Sorte deel Pes tet bao rage Ae Rey ea RIS 
lO saendes oe 8 28 DAT tapers = feet ated icine yee cs 20 Deas SCY, epee een [haa Lac 
Ge Sees 8 30 Paes Aho), Bi0) | Sdoeakooee 22 25 Gye Se 3 Eon 
Wi sobeeee 8 30 Zona eer rR OOS Reet eicee ise 22 24 Tie sed eee AN |e a ees 
SEE eaten io 8 SO een Sree eepearal [asthe ccea DPE re ERE IER (Prete secgieere | eur st opel (A aye ba 
Geers, cc le 8 PA Gye ahaa eeyeeaeal Pes eee eel eee ee Ry ae 1 etal eee ee leer (aoe Py per oy 
CA eae 8 PAG) Hosea see ice veliell i cre encea ey (Ones ere Sy OSH nls nea heb eR || Ota 
Pan iS See 8 26 23 30 18 18 28 7 18 7k 
Dae eee 9 Pf UES I ay apa ed A Fee eb el be PA AU Syl FES ei hee en cahen Reser neA  ea ykay 
28 bys eee 9 FAT ( | ete ce ies (eae: ee SN eA ee aan ISSR ee ey sre sr yes [eRe ae eterna fa pea ate Ad a 
DA ses 210% 9 27 SO bE emer else ee 18 eG aT AE He ara edie at eI 
Ma) 3 Sete 9 28 29/| July 6 21 19 32 Uf 15 73 
Py een eC 9 DSH aes ese vaiy | ee eran ca yall Kaptan Atak MAS Yin ee cet [eye nese tees acl nF Aue heey 
pepe 3 os 9 Ped blade Oaliggare Geaes bee acictoe ts 20 ARN Wet Sea gs ot hee ee | a a 
Pie ie eee aes i) PLT Vesey RT NE ac eR eat eee et Is al Pentel Eat (ee testa heen eee 
Ca vee wee 9 PATI oe Ate tis GC oe (etree ifs al amok giant | RE ch neers baegier geet lll eel Pi 3 
SO) 2 ae Soe 9 PATE EDS ek eerraen Gal | antares eae I ee SS i5 peers e drotall are ate pesctel| Serer ee toe | eee eee 
Sth cee oe 9 27} June 26 5 21 18 30 9 16 73 
PO te)! 9 a ee ee | re ee rl | tase te Beer co PA We Nes ee ees [earn ances ey ena les Pa aS ot 
CB owmeeeee 9 SO a eres ceil ere eta aroha elite ee acta PAN ia Vegee esaetct| epee EC 2 Le pana Sy a py 
Sl eae 9 29 DAE ba py Sey aN tel feta ne Mea 20 DOE eBiere ee oia lia oe Sees ie eevee 
SOM eee tes OU ler ee eau A Pan ag SR Pg MN Ua A eaten called lo neg WOE Ds a Uy 
SOME eet sa 9 30 24 5 PAU 21 25 i? 16 73 
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TaBLE VI.—Lije cycle of the first generation, Walnut Creek, Cul., 1909—Continued. 


Date of— i Days for— 
Individ- 
canes | Teeioe, | Hateh= | jean | Paps | geyeerae |, incu latece lie tepea| gana gee 
(night). | 478: fruit. tion. | “moths. |P4tion-| jarva. | coon. |PeFed-| evcle 
Bie oa May 9] May 30| July 1] July 6/| July 25 21 32 5 19 77 
SSE Es AIS 9 30 2 6 25 21 33 4 19 77 
10s a haeee aie 9 30 PS VS eee ees (ete Sak 21 OO) |e eee SR ea | EU i 
A) Spe yah Qi ese eee PAE 2 SF oS ee Nearer 3a otc KS | Oc |e 
Ailerentoe aeons 9 SO REE yee veg ear ae ei aren me DA ee see PON | ee sees Ba ACS tea WR re 
AF Sa Na SH 9 30 PADY | eee Meee areal aI aati eiThiats 21 PAG en meaner al cea GU Se elec 
ATa Sse al eae 9 POLO ai RAS ee Se ies ala | ered a a ahaa ED at ANA ee eee asl oer ies hac ar lenin Oh or 
AA wea Tan § 9 29 PEN SSP e ees 19 20 DON Tea ak re NSH ASAE (NUE ee 
LAG Eee ewes 9 29 AT hel wena eet re ap le A gy 20 QO! [52 Se) Pe Sa eRe apap 
AGE REARS. Sie | 9 30 PAS lta Re Een Seat se 21 PAS Vi Neaeiiis remap era | oI ata al 
AUS Ste ie 9 CROs ney ery ce tate [fea ca siete elt 2 Qa Noe ee A al a estore | eee 
ARUN ne aia 9 30 ry Eas Sn) ates 21 B2i| c-kit 
AQ Minas eg de 9 Bo ON aut ape NOE ate | te ee See nee eee 72) a Cerra |e en aL EN Lee e i Aloe 
Ocean as 9 30 ili tl Maa Ine ahaa ees 21 AO Nyro So ape ea ena 
SL ee eee 9 PLO EV eea nes yp el cea eek ee aS at ad Al Veneer eee | etme Ul PSMA Ibe pee BS 
DPA yo ane 9 {UM Vee, Amel ae eee Mealy are Ney oe 7A Ve eae aces ee ieee en Rad Pit sy alti os 
Maen 9 30 | June 28 6 22 21 29 8 16 74 
PA RUE ENO 10 PAS) Fe espace erat th) ee Rade as oe Le GIO zee ee Fe ee es oe oh feed Pasar ae 
Oy een 10 29 SOBs et eee || eens 19 Pay el |e is ele UL MN Ae St rs 
DORs ee ae 10 PH 30 6 20 Wz 34 6 14 al 
SUMMARY. 
Days for— 
ala egan Incuba- F Coe Mone Pupal Total life 
tion lancer Gacoonk period. cycle. 

PAVE TEL Ce peta oh arte Coils eet Na Ue SIN atl epee roan ya 20. 05 29. 97 6. 85 17. 58 7A, 25 
BUY Lge Yo ete Oa A ea NN a aE ARIMA NU PC 22. 00 42. 00 11. 00 23. 00 78. 00 
RIV AE Teren eigen Vegan Se eee eee cae eee Coals Ire tas Sm ei eon ee 17. 00 24. 00 4. 00 14. 00 71. 00 


FIRST-BROOD LARVA. 


ime of hatching—tThe first larvee under observation in 1909 
hatched May 7 from eggs brought in from the field. On May 11, 8 
recently hatched larvee were found in the orchard. On this same | 
date, May 11, 1910, young larve were quite numerous in the field. 
At Suisun, Cal., in 1910, the first larva was found April 29, and 
recently hatched larvee were quite numerous by May 3. Very 
young larve were found continuously until the 1st of June. Larvee 
at laboratory hatched May 26 to 30, and it is very likely that all 
first-brood eggs in the field had hatched and all larvee were in fruit 
by this time. 

Development of larve in fruit—Of the larve hatching under 
observation in 1909, only 29 reached full development in the fruit, 
requiring from 25 to 42 days. The individual records are given in 
Table VI. The first larva to leave the fruit in the field was not 
observed, but on June 5 three newly formed pupz and 20 full-grown 
larve were found under bands on 21 pear trees, and 4 pupe and 28 
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_ full-grown larve were found under bands on 10 apple trees. The time 
_ from leaving fruit to pupation for this brood, averaging 7} days, 
_ would indicate that the first full-grown larve left fruit in late May. 
_ Band records and data obtained by bringing in quantities of wormy 
| fruit picked from trees in May showed a maximum number of first- 
brood larve leaving fruit June 14 to 26. However, later-maturing 
larvee of this brood left fruit as late as July 21. 

In the summer of 1910 many full-grown larve had left the fruit 
prior to the 1st of June. At Walnut Creek cn June 1, 4 pupe and 
248 larve were taken from the bands on 11 apple trees, and at 
Suisun on June 3, 10 pup and 45 larve were taken from bands on 
15 pear trees. 

Larval life in cocoon.—The time spent from leaving fruit to pupating 
varied from 3 to 23 days, with an average of 74 days. These records 
were made from 165 larvee which left fruit from June 7 to July 21 
and kept in large shell vials out-of-doors. The records for 110 
individuals will be seen in Table VII. All larve were put in vials 
with bits of paper and cloth, and the vials turned upside down on a 
glass plate for a few days. The larvee usually “‘cocooned” within 24 
hours after leaving the fruit and the records show the normal time. 
After the cocoon had been made the vials were placed open end up 
and covered with cheesecloth. 


FIRST-BROOD PUPAE. 


Time of pupation.—The first pupze were found in the field June 5, 
1909, when a total of 7 were taken with 49 larve under bands from 
21 pear and 10 apple trees. In 1910 pups were found June 1 and 
were plentiful in the vicinity of Suisun and Walnut Creek by June 5. 
At the laboratory the first larva pupated June 12, which had left 
fruit on June 7. The maximum number of pupe from material 
collected under bands and larve leaving fruit at the laboratory 
occurred from June 20 to 30. 

Length of pupal period.—Records kept out-of-doors for 165 indi- 
viduals gave a minimum of 10 days and a maximum of 27 days with 
an average of 164 days for the time spent in the pupal stage. The 
records for 110 individuals will be found in Table VII. 

The total time from leaving fruit to the emergence of adults varied 
from 20 to 47 days, averaging 25.69 days for the individuals under 
observation. 
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TasLe VII.—Length of time as larva in cocoon, length of pupal stage, and total time 
spent from leaving frurt to emergence of adult, Walnut Creek, Cal., 1909. 


Date of— Days for— 
Individual No. | 

oe Pupa- | aon Making | Pupal Bene 

the fruit.| "2 | “moth. |% ee ee period. | “cocoon. 
EL eee eh AN et es apes Seal ei toe Se nee JUNE gis a eee fed iva hy 2p B Ee eee. Fe | Deere Sete 34 
DEM A Ro ok OS se Se ROE Ep aE a Hees 8 | June 14 | 4 6 | 20 26 
Oi ena es om rae Ra rN ee So eee yep See 9 17 | 6 8 19 27 
he eae eens Me ee SOM ONO FERMENT Lace 8 9 20 | 8 iit 18 29 
Set ee acre Giga aes) Skee Wie ww Nee 10 14 | 4 4 20 24 
(peed ANE Ste Wr be ene te ener OA oN See 11 14 6 | 3 | 22 25 
aE OPN ee Be yA en NA 1 fA ea 7 AG BaD ae eae RE = 47 
SSS oe ba ea ne SENSE uel (Mot ee age Oaks Sine ee Be at 11 22 11 il 19 30 
RE es Seep ere he eres Melee ee eed 10 22 11 12 19 31 
era eer epee ane ee eee ees ei 10 15 7 5 22 27 
IS Sy ahr te erat a eo Og aa Re ns a, ROW Oe ee eo 10 19 5) 9 16 25 
[AE SUS Si ects me hes ARN AL ype prea 10 20 7 10 17 27 
ISAs ees Bee Ba See net OE Bein SC eras See ee 10 17 5 i 18 25 
J ES fe AE Sng Sag SP pes Sere ES SiN eS as il 24 17 13 23 36 
VRE SR peyca te Siete nbes a Rie OE Siete” Win BE ROCEAS La meee 11 23 10 12 17 29 
[GS ees 2 See Ss eae a ee ae es ee 11 20 8 9 18 27 
DL fe pgs RSE EO cay Nay ge el Ne eS ap ee IPs es ee 20): ee ee ee 39 
To Noy Speeds A me Biles ey = tS Catt RUB Windom, oem ee (eee wreak oak 11 21 8 10 17 27 
1G i pee NE SRO NRE E 7 Aer Erg Ay 12 | 20 0 8 16 24 
7A Se hace = Pe eee nk Gaeta nee Ese 12 20 8 8 18 26 
PAN SES ee ee aPe Ren Oo Oy ORE A EE 12 23 8 11 15 26 
LL i Oa Ae a ree AE HEE SE RY APA ee AOR ay OC HE, | 12 20 7 8 17 25 
7d OU ae ReneS ED, ae OO iy ea 12 15 4 3 19 22 
DAB ESS LO ie SS NES EES ERE a 12 23 8 1a 15 26 
TAD eee Op a Ap epee ee ee IN Ine Sa ete 1 ie eee 7333] Berea ee sees 38 
A SPARS OR pac Sa A een a <a NR a, EE ON re a 12 20 7 8 17 25 
Ce a era ny ees re ren dopa tet ea ag eae 12 21 7 9 16 25 
TA AY Ge tS en Na ee EN ae Gy WOE Dh 12 20 7 8 17 25 
DRE Ret 020 aa 5 Rye Ge ec ee pe eS 12 21 11 ) 20 29 
0 OR tek et in ee Ne eee eet 12 19 6 7 17 24 
SLES ee Sas es Nas aes IE oan of yp A 12 16 7 oa 21 25 
CY Se Ro ES See cepa Se IN Store Se ET 12 22 7 10 15 25 
SRS See e ee Ses cia bates ee Mone ae eae aeRO 12 19 5 7 16 23 
Gee ene aalye a een Fee ae see eed. 12 20 6 8 16 24 
RR es SN Seat ee ieee ar gue ed bee beeen aL 12 20 6 8 16 24 
Dee eS cee Re PN ae Op ee 12 21 8 9 17 26 
SA ree ee ee Bg ee CI 8 he REE RES RP 12 19 5 7 16 23 
a pc a PORE Coen ee ue EE Bee See 12 21 it 9 16 Zags) 
SUS ee aa oe een OR a AP eR Se ne Sy 12 20 6 8 16 24 
A (seep SY Re es ple FS e en Sy SI ee 12 18 5 6 17 23 
78 Vas 5 See wie a ga ER grey eae Dae ay Pasee A 12 20 6 8 16 24 
A EG AME an pe PEON phe EER oe ota Re eee 12 20 7 8 17 25 
AS eee cere ene een Sees SS ak a eee a See 12 21 a 9 16 25 
AA Nepean ap eer h a Nts ial Pe eM ee eee ee 12 20 7 8 17 25 
GES a ee a nee Eee ee ee ne me 11 16 2 5 18 23 
AGS Renee ern Per are RU ae ae erg SS 11 | July 4 19 23 15 38 
ALE ee ee Ae Se aS AE eee 11 | June 19 5 8 16 24 
BAO eon ee a ee Poe Ont ER NERE CN co Pe aeynes Se 3 11 21 11 10 20 30 
A Oe Tepes St Ce re Ek ns ey atc dey ee Aa eS it 20 7 9 17 26 
Ue eens Seer eee pele = Bees ered eee oe 11 20 6 9} 16 25 
Ea) et a eS Re Se ne eared aR Tan te SPN eS 11 20 6 9 16 25 
Dy Die Series ye (IA ety Sa foe OG an ERR era 11 21 7 10 16 26 
E50 IA ae en Dy eae a SENOS ape ae ea 14 23 11 ) 18 27 
£5 Veco Pata eee On Seen RE ie le EM iN NG 14 22 11 8 19 27 
a a ae es Sed yan SP OS eect ee eR, 14 24 11 10 17 27 
LT ee ets Sia ee es ees aoe eee) ae 14 24 11 10 17 27 
LY, Sri lie yee Saas Pee I eine ee Some ne a NE ee aS ieee oe 14 24 11 10 17 27 
Sean 8 Sa an NO Fie AOE SEA reps. er ape % 15 23 iat 8 18 26 
ees ea sate eee ee Se ee ang ee 15 26 19 11 23 34 
GOR Sse Teme cee ee oe ee 15 24 il 9 17 26 
(Thee ae mera epee te a Ne ee meerae Ae G Nee Nas 15 24 11 9 17 26 
GZ oa ee sere a a ae ee ees ane ene 15 24 10 9 16 25 
GS re eee ee ee a 5 a ee ee 16 23 10 7 17 24 
(Aceh RAO See oa oa eee a ea a ev 16 24 12 8 18 26 
Gi ais ist Ban AE ra 17 - 24 12 7 18 25 
OG ER Ra te ee Be ei Been pce vers 18 26 23 8 27 35 
OTs ere ae hs IR LI ot he 2 en pene 20 27 13 7 16 23 
GBR AS yt PE Fe a eee 20 24 12 4 18 22 
GO i RE ic re te On oh PERS 20 30 20 10 20 30 
LOSES Geis Aca: ES eh an ee) ee eee 20 28 16 8 18 26 
(Eye nee es ere Ree ee res oe cha Sire Se naar 20 24 16 = 22 26 
(RN RS Ee Os PS ee en 2 te ee cee 20 23 10 3 17 20 
Ce RI epee ey a cee a SEI 3 20 23 11 3 18 21 
CAA Nas EEN Lies wee cpa pe oe We ee ae 20 24 10 4 16 20 
CS eae OS AS BRD Oe A eh ei ess OEE 20 24 12 = 18 22 
MGR eae ok eee See See ees Nee eens 20 28 11 8 13 21 

6 
6 
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Taste VII.—Length of time as larva in cocoon, length of pupal stage, and total time 
spent from leaving fruit to emergence of adult, Walnut Creek, Cal.—Continued. 


Date of— Days for— 
Individual No. 
Larva Pupa- Emer- Making | Pupal Total 

leaving on gence of CONST tol period in 

the fruit. at moth. 8 * | cocoon. 
(OSS EERE Ge Sas Aes SEO Sa Ae eee June 18 | June 24 | July 13 6 19 25 
(ae erp ae a6 Sean en oe eC I 19 24 il 5 17 22 
Ges rep ee ete eta eens eee cisieicrereiale 19 27 13 8 16 24 
SoG SSCS Bs SODA RE ee re Se eae 19 24 10 5 16 21 
SR NE cer irete net ear fl ise Barret aps sisis 19 24 10 5 16 21 
Saree le Re ee eee nt rae clas ejapsioeis = eles Seeit eieks 19 29 13 10 14 24 
HS Ghia SES ao RRS UE ss er Rg me 21 29 13 8 14 22 
SO Eyota eI Da er Lt hanes 21 29 13 8 14 22 
QU SoS SRS R Re cae AREER EN OLE Ree mince 21 30 15 9 15 24 
See a ale sen a ee ected a CCS eee ah oe 21 28 13 oO 15 22 
SOs teaees soo SSS USMS Hae BOER ne aaa eee arian 21 29 13 8 14 22 
EDS CoE Se See eee ecg ee aL oer 21 29 20 8 21 29 
CIS, Fates A ices Cea a sear ear eae eee ene 21 28 13 fl 15 25 
OO aie ae EA nie See sat Gere nee 21 29 16 8 17 25 
CBS cee SEES aS Boao nee user ae remmreeeys 21 29 12 8 13 21 
OA a eee eM SRE Sass tae isis d ecw rele eles 21 29 12 8 13 21 
0) Sears a ton ei nes Sere ee ace 24 29 29 5 30 35 
OO che Shae cscE Ness cee Rms aitaemerre 24 30 21 6 21 27 
OES ee am ee eat eae ins ain ears Gri 24 30 21 6 21 27 
Teh dak CHa SACRE Me ASCE Seat eae pene areal 24 29 20 5 21 26 
OFS BESS a ee eT ee ate ee etn et 24 30 16 6 16 22 
OO Ray anne ee ot nese, S Sik oe 24 | July 1 16 7 15 22 
OH oe SS Ses Be eat a eee ae Ge 24 2 18 8 16 24 
UO Pa i ea espe he lt ee a 24 2 16 8 14 22 
LDS eee es 3) rere tee Laotian eee Seal 24 2 16 8 14 22 
LUO ech a ape as ee a Siac re A ce a aay ge 24 2 20 8 18 26 
TOS Goes see Gees a eee Bae ores a eee anal 26 3 20 7 17 24 
OG eee ener te aae cine ere Repent 26 1 16 5 15 20 
TOE PE eee ie ae ee ee ae coe 26 1 16 5 15 20 
LOS eters ls fase Ree airs 2 eee 26 2 21 6 19 25 
09 ene eee ea lien corn Day Mee 26 4 zil 8 17 25 
UNO) SESES SHG SON SS OAD RE eats Apes E 26 2 22 6 20 26 
Total period from leaving of fruit by larva to emergence of moth: Days 
JAYS ERS 5 5 Os GES OBE NE OS SE SBE So iene ya aan MASE Ee RY SNE ee cota Se EL er sae ke ge Tee eS De ie 25. 69 
BVT asxeh TUE sp Sa te ey a ee EC ak eet pC Rosh le ya J SHY PEEL PA ees pay Avera target re aie 47.00 
JMEDAUE SCOTT 5 seed SoG Esa Ss A IN a I eae po eo GU eee RUPE ps 20. 06 

SUMMARY. 
Length of | Length of Length of Length of 


time larve|} No.of || timelarve| No.of ||time larve| No.of || time larve] No. of 
and pup indi- and pups indi- and pup indi- and pups indi- 
remain in | viduals. || remainin | viduals. || remainin | viduals. || remain in | viduals. 


cocoon. cocoon. cocoon. cocoon. 
Days Days. Days. Days 
0 2 25 21 30 3 1 
21 9 26 16 31 1 38 2 
22 13 27 12 34 2 39 1 
23 5 29 4 35 2 47 1 
24 15 


FIRST-BROOD MOTHS. 


Moths began to emerge June 17 from larve and pups collected 
under bands June 5, reaching a maximum emergence some two weeks 
later, July 4 to 15. Eggs were plentiful on fruit and foliage of 
unsprayed trees July 7, indicating that many moths were out pre- 
vious to that time. The first moths from larve maturing in wormy 
fruit brought into the laboratory emerged June 22, but comparatively 
few emerged from this time until early July. June 28 to 30 many 
recently shed pupal skins were found under some old burlap bands 
and in cracks and crevices of bark on unsprayed trees. 
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LIFE CYCLE OF THE FIRST GENERATION. 


From the earliest appearing eggs in spring, about April 15, to the 
first appearing moths, June 17, gives some 63 days as the approxi- 
mate length of the life cycle of the first generation. The laboratory 
records for individuals kept in breeding cages give a life cycle of 71 
to 78 days. This, however, is based on only 12 individuals, which 
completed the cycle, and are recorded in Table VI. Careful obser- 
vation indicates the length of time of the first generation to be from 
60 to 70 days. 

THE SECOND GENERATION. 


SECOND-BROOD EGGS. 


Time of oviposition—A number of moths which emerged at the 
jaboratory in late June and early July were put in rearing cages con- 
taining small branches of fruit and leaves and also fruit juices and 
sugar for food. The first eggs were deposited July 3. Some of the 
moths died before depositing eggs. On June 28, 1909, while looking 
after spraying operations in the field, frequent searches were made 
in the unsprayed block, but no eggs were found. During another 
search on July 7 among these trees many eges were found and 5 
larvee just hatched, none of which had entered fruit, were found dur- 
ing the forenoon. Eggs were being deposited in large numbers in 
rearing cages July 8 to 10. 

Incubation period.—The time required for incubation was less than 
half that required for the first-brood eggs. In cages this varied from 
7; to 94 days, and averaged 8} days. The weather at this time was 
usually warm throughout the day with comparatively cool nights. 
In Table VIII are recorded incubation periods for several groups of 
egos deposited between July 3 and 29. It will be noticed that eggs 
deposited July 10, 11, 26, and 28 required shorter time for incubation 
than others. Both of these periods were followed by 3 to 4 days of 
very warm weather. 


TasLe VIII.—Incubation periods of second-brood eggs, Walnut Creek, Cal., 1909. 


= Date of— 

patel ; Fctlod an Aue ee 

Observa- | Number of in- serva- umber of in- 

: Egg dep-| Hatch- : Egg dep-| Hatch- 
tion No. | of eggs. eae ae ing of cubes tion No. Of e828: le carton ing of cle 
(night). eggs. ; | (night). eggs. 

Days. Days. 
AVS oS Ae eI 3) | duly. © 32\-July12 Salle O MY aes ' 45 | July 15 | July 24 8 
Dees rss 4 6 16 OSI ili ee eres 35 16 25 8 
Banoeas sees 4 7 16 Sell 2 eee eee : 20 17 26 8 
Acxe vo eee 10 7 16 Srl Betio Reese eae 12 20 29 8 
Dian apa 15 8 17 sol Pel canoe es 70 24 | Aug. 2 8 
GEAee se aise 19 10 18 iea|| Dea 75 26 3 i 
TS a8 he 15 11 19 Al Setatian dee 60 28 5 7 
es Sree 14 12 22 Ciel iamanee ce 40 29 6 8 
eco ae aes 11 13 23 Ol Sees eer 9} Aug. 1 12 10 
Incubation period: Days. 
TAOS C4 ee ee ee aes Nene Sin Me NeP Swern Ae ob ost Goo SS AOU mGado ues COn Gna casacecSeo 8.05 
NGS.) aio) 10 eee eee Sere ere een oma cme aac bc cembaneoEmou eS abadeeos 10. 00 


BY Fh avosu bi G4 pempeeett cent Any apie mene neea ene ye Aire, Neer St ae Aaya oe ou SERS ocCdS San AS 7.00 
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/ SECOND-BROOD LARVA. 


Time of hatching—July 12 was the date of first hatching of larvee 
at the laboratory. These were from eggs deposited the night of July 
3. As several adults had emerged and died previous to this date, it 
was not the actual beginning of the egg-laying period. Second-brood 
larvee were hatching in numbers July 18 to 20. 

On July 7 careful search in the field showed 5 very young larvee. 
From July 10 to 12 second-brood larve were plentiful; from July 15 
to 18 they were numerous, and by this time their work was showing 
a great deal on the unsprayed trees. Occasionally 3 and 4 entrance 


holes were found in a single pear. 


Development of larve wn relation to fruit.—The first picking of pears 
in the orchard where the spraying experiment was carried out in 
1909 began July 15 and lasted 5 days. During this time young 
larve were hatching and entering the fruit in numbers in the unsprayed 
block, so that even the earliest first picking of fruit did not wholly 
escape the second-brood larve. In 1910 many second-brood larvee 
were in the fruit before the first picking. The second and third pick- 
ings, coming later, are worse injured. The third or last picking 
receives practically the full force of the second-brood larve. In many 
orchards this picking will run 70 per cent wormy. The third picking 
of pears on the unsprayed block in 1909 showed an average of 75 per 
cent wormy, while in 1910 practically all of the pears left on the trees 


in the check blocks were wormy. 


Life of larve in frut.—The period covered by the life of the larve 
in the fruit was not positively determined for a very large number of 
second-brood larve. The harvesting of the fruit takes a large per- 
centage of the larve to the packing shed before they reach full 
development. 

At the laboratory several hundred individual records were started, 
but the quick rotting of some of the fruit during a short absence 
destroyed part of the records. The first larvee left the fruit August 
6, 1909, at the laboratory, but in the field comparatively few larve 
as a rule reach their full development before the fruit is all harvested, 
which is about the middle of August. In the summer of 1910 the 
first full-crown larve of the second brood were found at Suisun July 
26, and at Walnut Creek on August 1. At this time practically all 
pears around Suisun and about two-thirds of the crop in the vicinity 
of Walnut Creek had been harvested. 

Records for 63 individuals which went through in sound or nearly 
sourd fruit out-of-doors at the laboratory in 1909 are given in Table 
TX. As may be seen, this gives about 26 days for the period of the 
larvee in the fruit. 
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TABLE [X.—Feeding periods of second-brood larve in pears, Walnut Creek, Cal., 1909. 


| Date of— Date of— | Date of— 


ae Period | ae | Period. Inet Period 
a | ; of feed- | il ; of feed- | il \of feed- 
No Hatch- | Leaving | ing. Now| Hatch- | Leaving | ing. NG Hatch- Leaving | ing. 
a ing. the fruit. ety ing. | the fruit. e ing. the fruit. | 
Sot ee ee eee = 
Days. || Days. || Days 
1._.| July 12] Aug. 18 37 |) 22..-| July 25 | Aug. 26 32 || 43...| Aug. 2] Aug. 20 18 
2a 12 | 14 33 || 23a... 26 20 25 || 44... 2 20 18 
3 12 | 19 38 || 24... 26 20 25 || 45. - 2 22 20 
4a 16 13 28 || 25... 26 23 28 46.- 2 27 29 
5a. 16 | 21 36 || 26... 26 22 Q7 || 47. 2 29 27 
6a_. 16 14 29 || 27..- 26 | 20 25 || 48.. 2 26 24 
7a. 16 | 16 31 || 28... 26 | 21 26 || 49.. 2 26 24 
$a 16 | 21 36 || 29.- 28 | 18 | 21 || 50.- 2 29 27 
ga 24 19 26 || 30-- 28 | 21 | 24 || 5l.. 3 27 | 24 
10 24 20 20 Noles 29 25 27 |; 52 3 21 18 
lia 24 19 26 || 32.. 29 21 | 23 || 53 3 29 26 
12 24 21 28 || 33.--} 29 28 | 30 | 34 3 31 28 
13 24 27 | 34 || 34...] 29 22 24 || 55 3 26 23 
14 24 21 28 || 35_- 29 19 | 21 |} 56 3 27 24 
eel 24 28 395 || 36.. 29 23 25 || 57 “ 29 21 
16 25 18 2A || 37.- 29 24 26 || 58 4 28 24 
17a 25 20 26 || 38.. 29 | Sept. 8 41 || 59 + 31 27 
18 25 18 24 || 39_. 29 | Aug. 12 | 14 | 60 6 | Sept. 1 26 
19s. 2] 25 | 26 32 {| 40... 29 13 | 15 |} 61 6 | Aug. 29 23 
20. =| 25 21 27 || 41... Aug. 2 | 26 | 24 || 62._- 6 31 25 
Dh: 25 27 33 | oes 2 24 22 || 63..- 6 3l 25 


a Pupated and moth emerged in September. 


Feeding period Days 
pA VOTAGE (© 525 knees he Soak eee SE so ais Se se ee ae eS ee ae Eee 
17 Ee er 00 pt oss ie ee a een ee eee ee Me eS eee eee korea ee ML Sole ae eis Sz ooa nteos 41.00 
Minimum: -= 22 283. - 2 3.58. 35S Be ake a eee oe ee are OE eee 14.00 


Overwintering larve.—The first larve not pupating but going into 
winter cocoons in 1909 were taken from bands July 17. Of 78 larve 
taken on this date, 38 pupated and adults emerged, 28 died, and 20 
went through the winter as larve. Of 196 larve and pupe collected 
under bands on June 28, 1910, 5 did not pupate but wintered as larve 
in cocoons. After this date the percentage of overwintering larve 
increased. However, some adults emerged as late as September 18. 
With the development of the second brood there was a marked 
increase in the number of overwintering larve. Of some 95 to 100 
larve developing in fruit out-of-doors at the laboratory, only 9 
pupated. These were Nos. 2, 4, 6, 7, 8, 9, 11, 17, and 23 in Table IX, 
Adults emerged 17 to 36 days after leaving fruit. This would give 
some 6 to 7 weeks for the life of the individuals of the second genera- 


tion. 
REVIEW OF LIFE HISTORY FOR THE YEARS 1909 AND 1910. 


There are practically two full broods of larve each year in the inte- 
rior counties of California. It is not easy to distinguish definitely 
between the two generations by field observations alone, and to know 
just when all the first-brood larve are in the fruit, although there is 
a period of some weeks each summer during which very few eggs are 
laid. Taking into consideration the difference in time required for 
development of eggs and larve, and the fact that the pears are picked 
before very many of the second-brood larve leave the fruit, it is diffi- 
cult to determine the division of generations by band records. Some 
growers report that young larve are hatching and entering fruit 
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almost continuously from April to August, inclusive, and do not 
recognize the broods at all. However, it is well to know when these 
_ broods appear, and what is meant by the term “‘brood.”’ 

| The overwintering larve pupate in spring; the moths emerging 
igtrom these in late 49. 


| ae son Loe cer nn. ewe Mnk ee 
ppril and durmg May 99g LLL 
deposit eggs which es RES 
hatch into the first- 79! 


geal 

Soo crc PegCureeuer 
: rae 65) 

bueod worms 7 This i ieee el 

brood is usually com- ,, 


ee ne Ce ee PAN ee 
pgrative’) 2 eee ab oa ei ee 
the injury not severe. oi deseh vodiiee teseeuceas 


| Some growers are in- geal 
_ clined to overlook the % 
_ importance of — this 
brood, and many fail « 
to notice any worms 
until the second brood 
begins to show just 
prior to first picking. Fic. 7,—Codling-moth larve collected from banded pear trees at Walnut 
The second is by far Creek, Cal., 1909. (Original. ) 

the more destructive of the two broods, both by reason of its numbers 
and because of the stage of the fruit when it appears. The first-brood 
worms reach their development usually during the months of May and 
June, pupate, and adults emerge and begin depositing eggs some one 
or two weeks before the first picking of pears commences. Growers 
can tell very well when the first of the second-brood worms will begin 
to appear by the use 
of burlap bands put 
on the trees in May. 
Examine these once 
a week and when the 
first larvee are caught 
PTT tT TT tT under them they may 
be put into glass jars 
or tumblers with bits 


29| 5 /2 1926) 3 10 17 24 
YUNE- SLY 


7 142/28\5 /21926|2 9 16 23 
AUG, | SEPT. | OCT 


SEB HE SMe 
EBS Sey se aa ee 
A _| EBS Ea 


a es ag ie 
LEIS TN Zak a alts ch kept under normal 


Fic. 8.—Codling-moth larve collected from banded apple treesat OUut- of-doors condi- 
Walnut Creek, Cal., 1909. (Original.) tions When the first 


moths appear it will then be some two weeks before eggs are hatching. 


BAND RECORDS. 


Some idea of the development of the first-brood larvee and the time 
of leaving fruit may be gained from Tables X and XJ, which are the 
band records at Walnut Creek for 1909. (See also figs. 7 and 8, which 
show this data in diagrammatic form. ) 
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TaBLE X.—Band records from 21 Bartlett pear trees, Walnut Creek, Cal., 1909. 


| 
Number Number Number Number 
Date of of larvee Date of of larvee Date of of larvee Date of of larve 
collection. |and pupe|| collection. |and pups || collection. |and pup || collection. jandpupe ~ 
collected. collected. collected. collected. | 
ht Say ks | eee eae \| | 
UU. Ges ose OPE Anbly 2 We see 22) ||| At aa Sees 18} We @Gte Mes aese 0 | 
OS eae 71 MSG ce Sil Seis Doecase 26 
1 ie oper 45 SIS eee 15 1D see 11 Total... 592 
Brea sti Son PATE ieee 50 1O RES 11 
Viva coe 49 i ee ee 55 26S ree 3 
eee 36 PA eae LORN | OYE: Ds a esae 3 


SUNE | SULY 


Fig. 9.—Weekly emergence of codling moths from material collected from 
banded apple and pear trees at Walnut Creek, Cal., 1909. (Original.) 


TasLE XI.—Band records from 10 apple trees, Walnut Creek, Cal., 1909. 


Number Number Number : Number 

- Date of of larve Date of of larvee Date of of larve | Date of of larve 

collection. |and pupe collection. -|and pup || collection. |and pups collection. |and pup 

collected. collected. collected. || collected. 

JEN e OA eee oH ||| diab Als ae 99 || Aug. 28._.... 60 Oct. 5 
1a 98 DA eas 25))|| SEPu-Onece ss 65 || ———— —f 
{95eoes 164 Bak ae 56 || PERCA 43 | Total. 1,371 
DARE et, POR INOUE Woe coos 95 || Mas eee 2 | 
ulkye 93 ee 79 || TAN Dees 128 D6R ew 3 || 
De soedez - 63 || Dotan 1A) Otc Bocca se 6 || 
| } © 4 


All larve and pupe collected in making the two band records in 
1909 were put together each week and kept in jars for the emergence 
of adults. The maximum emergence came July 8 to 14. The 
records are given in Table XII. (See also fig. 9.) 
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TaBLE XII.—Emergence of moths from material collected under bands on pear and 
apple trees, Walnut Creek, Cal., 1909. 


Date of 
emergence. 


Number 


of moths. 


Date of 
emergence. 


Number 


of moths. 


Date of Number Date of Number 
emergence. | of moths. emergence. | of moths. 
ANOS Moe Aas 24 || Sept.15.....- 6 
Reuse 52 PHA ele a| 1 

Septsilaeose- 40 — 
se Seats 10 Total. . 663 


Hi one 
702 ome 


[EP a Bs See ee 
Pe 


Fic. 10.—Band records from 11 apple trees at Walnut Creek, Cal., 1910. 
(Original. ) 


TaBLeE XIII.—Band records from 15 Bartlett pear trees, Suisun, Cal., 1910. 


Number 


| Number | 


Number | 


Date of of larvee Date of of larvee Date of of larvee 
collection. |and pupz| collection. |and pup || collection. | and pups 
collected. collected. collected. 
- | 

June 3.2... - 5H) || del, ies eooal S4Au a Silliya22 sees 28 
Qe aedee 58 Cassese 37 DOB ae. 50 
Wasi: 68 Mai Dee AS WATT SR roe ian ee 68 

0) ee 84 


Number 


Date of of larvee 
collection. jand pupee 
collected. 
DU ae 38 
Total 618 


Table XIV, showing the band record from 11 apple trees at Walnut 
Creek in 1910, is illustrated diagrammatically in figure 10; and Table 
XITI, showing band records taken from 15 Bartlett pear trees at Suisun, 
Cal., in 1910, is illustrated in figure 11. 
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TasBLE XIV.—Band records from 11 apple trees, Walnut Creek, Cal., 1910. 


Number 
Date of | oflarve ||. 
collection. | and pupz || 
| collected. 
| 
JunCs eee 252 || 
(eee | 200 
LAY 394 || 
ile e ee 


185 || 


Number 
Date of of larvee Date of 
collection.. |and pupze collection. 
j collected. 
June 28._...- TOG lallyse2 Gee 
Afb? oe cuen OS ail PAC cea? eae 
Deen 125 |] Ox ase 
LO ees 71 || G2 eee 


Number 
of larvee 
and pupee 
collected. 


| 


Date of 
collection. 


Number 
of larvee 
and pup 
collected. 


Tt will be seen (fig. 10) that the maximum number of larve and pup 
was collected on June 


/00 


Fig. 11.—Band records from 15 Bartlett pear trees at Suisun, Cal., 1910. 
(Original. ) 


XV 


14, 1910, as against 
June 26, 1909 (figs. 7 
and 8), showing that 
the greatest number 
of larve and pup 
was present nearly 
two weeks earlier in 
1910 than in 1909. 
Tables 
XVI show emergence 
of moths from ma- 
terial collected un- 
der bands at Walnut 
Creek and Suisun in 


and 


the summer of 1910. 
Both tables are illustrated diagrammatically in figures 12 and 13. 


TABLE X\V.—Weekly record of emergence of moths from material collected under bands 


Number Number 
Zevote of of moths Date of of moths 
Bence: emerged. et heer a emerged. 
Junes22ee4eee | Sally 20s5 ee 65 
ZOE 175 NS aSSHe 84 
Dilys Geceees eB i ules Be oose 30° 
Ie eae 228 


Date of 
emergence. 


on 11 apple trees, Walnut Creek, Cal., 1910. 


Number 

of moths Dawol: 

emerged. Ts f 
36q|| SAI eso ie aes 
362, S@Dts ieee 
76 4 ees 


Number 
of moths 
emerged. 


TasLe X VI.— Weekly record of emergence of moths from material collected under bands on 
15 Bartlett pear trees, Suisun, Cal., 1910. 


Number 

Date of of moths 
emergence. emerged 
AfobO NO). aas 1 
26x e 13 

ALMA! 2 aes 25 


Date of 
emergence. 


Number 
of moths 
emerged. 


74 | 
26 
18 


Date of 
emergence. 


Number 

atmoths | Dateot, 

emerged. 8 . 
Cl AU oleae ee 
9 28es eee 
6:||[Septw4 Ss 


Number 
of moths 
emerged. 


wwe 


There is a noticeable difference in the dates of development of the 
first-brood larve and the emergence of moths from this brood in the 
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interior counties and in the coast counties. 


ol 


The tables giving the 


band records and emergence of moths for Walnut Creek and Suisun 
sections show the maximum emergence of moths to be about three 


weeks earlier than the maximum emergence at San Jose. 


Extended 


field observations covering the seasons of 1909-10 confirm these 


laboratory records. 


Many first-brood larve were hatching and 


entering fruit in early July in Santa Clara, Santa Cruz, and Monterey 
and in Mendocino and Humboldt Counties along the coast, while all 


this brood was in the 
fruit by the Ist of 92 
June in the adjoining 200 


interior counties. 


Table XVII, giving /6° 
the band record, and 
Table XVIII, giving ‘? 
the 
emergence of moths, — ¢¢ 
show the conditions «40 
for oanta Clara 20 
County. The band 2 
record was made in 
an unsprayed apple 


the record of 


orchard. The data 
given in the respective tables are shown diagrammatically in figures 


14 and 15. 


TaBLE XVII.—Band records from apple trees, San Jose, Cal., 1909. 


—— 


Number 
f larvee 
Date of © 
: and pu- 
collection. pe col- 
lected. 
Sumew2iy oh 1,602 
Degas eee 2,276 
Milby Gis eee 946 
sane 1,565 | 
10 see 1, 804 
D1 ei 1,041 


Number 
flarvee || 
Date of 2 
= and pu- 
collection. pe col- 
lected. 
PACU San Bee mes 647 
Oates 365 
Giese 227 
Dot aa 645 
ore 880 
SOOtis Oacdsse 951 


Date of 
collection. 


mse eh eee 
HH + 


Nea 

Pee eee ee Se 
 ¢ & 4 2229/6 13 2027/3 10 17 243/| 7 /42/ 
GONE YAY |* AUG. SEPT. 


Fig. 12.—Weekly emergence of moths from material collected under 
bands on 11 apple trees at Walnut Creek, Cal., 1910. 


(Original.) 


Ores “those se 


Number 
f larvee 
Date of e 
: and pu- 
collection. px col- 
lected. 
Oct. 25.- iI 
INOWee eee 8 
Serene 3 
Total 14, 759 


Taste XVIII.—Emergence of moths from banded apple trees, San Jose, Cal., 1909. 


Date of Number Date of Number 
emergence. | of moths. || emergence. | of moths. 
AUB PSS eee 5s). I waNibkes Qe oan ee 884 
i chs 346 1G eee 694 

eee 731 *Beinoc 441 

PANT NDE ria a Daetae oe 165 


Date of Date of Number 
emergence. emergence. | of moths. 
SCD tw Ose s| Sept. 2s. a-- 8 
ils ia a 
Pee Total. - 4,320 


OZ DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


NATURAL ENEMIES. 
PARASITES. 


At frequent intervals throughout the summer quantities of wormy 
fruit were brought 
into the laboratory 
from different orchards 
throughout Contra 
Costa County and kept 
in jars in shaded 
places out of doors, 
but not a single hy- 
menopterous or dip- 
as jee terous parasite was 

: reared from all the 

Fic. 13.—Weekly emergence of moths from material collected under Worms in this fruit. 
bands on 15 pear trees, at Suisun Cal., 1910. (Original.) Neither was there any 


reared from the material taken under bands on pear and apple trees. 


PREDACEOUS ENEMIES. 


Occasionally a carabid larva was found under the bands eating the 
larvee, and late in the season a number of tenebrionid beetles, some 
of which were compared to beetles determined by Mr. E. A. Schwarz, 
of the Bureau of Entomology, as Eulabis rufipes Esch. and found to 


PCLELLCL LEE Ee) 
Gay eee Reseeeeescco 
Ho ae eReeeeeee seco 

HG dGscecaseoeo oo 


&400 
2200 
2000 


Ee ES A? Geka es 

1400 

veoor tt TAR A OS a ee eee 
joo | Ea 


Ea 
BRASENESSSeNESERSe eS 
BRE RBRRRLERD AEA CESS 2s 
Pe TE IN es ASIN ea a 
BESRRERERS 22SEC Eee 
BR RRRRE REREAD ee 


2/28) 5 12 926|2 9 6 23HR| 6 13 20294 I 18 25\/ 8 15 22 
GYUNE | LLY AUG... | SEPT” OCc7 | wow 


Fie. 14.—Band records of the codling moth from apple trees at San Jose, Cal., 1909. (Original.) 


be the same, were found under bands with partly eaten larve, but 
in no case were these beetles found actually eating the larve. 


THE CONTROL OF THE CODLING MOTH ON PEARS IN CALIFORNIA. 


There are some necessary differences in the treatment of pear and 
apple orchards for the control of the codling moth. The calyx lobes 
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in normal pears do not close up so quickly as in the case of the apple. 
The blooming period of pears in California is usually very much 
longer, sometimes lasting from three to five weeks from the first to 
last appearing blossoms. There is also a “‘second crop”’ of fruit 
which is somewhat later than the other and longer stemmed. It is 
noticeable that the calyx lobes on this second-crop fruit close up 
tightly very quickly after the shedding of the petals. As a large 
percentage of the first-brood worms enters the fruit through the 
calyx, it is necessary to have poison in the calyx cups before they are 
closed. Thefirst larve begin to hatch some three to five weeks after the 


blooming periodisover. At 
least one and preferably two Re dicta tan) al aeaa 
EE es, EE 
aN sislels 


thorough sprayings should 
ee! 


be given before this period 
of hatching of the larve. ‘Coa: Ge 
isi aoe N os 
SS a 
Hed A 


Opportunity was offered 
during the season of 1909 to 
test the value of two and 
three treatments on pears 
and in 1910 a larger set of 
experiments, to determine ps apes 
the number of applications 
most efficient and the value SULY AUG. SEPT. 
of each as compared with Fig. 15.—Weekly emergence of codling moths from larvee 
no treatment at all, was collected from banded t eisalls trees at San Jose, Cal., 1909. 
carriedout. Theresultsof  ‘™™!” : 
these and certain other observations are given in the following pages. 


EFFECT OF SPRAYS ON PLACES OF ENTRANCE INTO PEARS BY LARVZE. 


Records were kept throughout both seasons for the entrance holes 
of all the larvee in the fruit of 10 trees in each block used in the 
spraying experiments. 

It is interesting to note the places of entrance in the fruit by the 
larve, the effect of the different applications on the comparative 
percentages of worms entering at the calyx and at the side and stem, 
and where the greater number of larve was killed. These data are 
given in Tables XIX to XXAXIII, inclusive. (Tables XIX to XXI 
are the records from the 1909 experiments at Concord, Cal.; Tables 
XXIT to XXIX, the records from the 1910 experiments at Walnut 
Creek, Cal.; and Tables XXX to XX XIII the records from the experi- 
ments at Suisun, Cal., in 1910.) Only the worms entering at the 
calyx cavity proper are recorded as calyx worms; all larve entering 
the fruit through side, base, and around the stem are recorded under 
the heading of side and stem. 
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stem. 
Worms in windfallen 
fruit. 
Tree No. ae En- 
Nuni- | tered Net 

ber of oe at side | ber of 
worms calyx and | worms 

i: stem. 
sepa Se 23 8 15 39 
Dee eas 5 2 3 34 
A esciteue tc ee 8 5 3 24 
Ape Nats rapes 14 6 8 43 
Bye! Aen ee 4 1 3 20 
(Fis es Sav cei 19 Gaal 12 21 
SLT 11 33) 8 22 
Bis Ses ele A 8 2 6 17 
(a Rese ite 19 6 13 19 
1) eae eens 15 | 5 10 14 

Total, trees 

SOE ee 126 45 81 253 


Worms in fruit from | 


trees. 


— 
WDE 00H OO “100 Or 


rt 


79 


—Comparison of number of worms entering pears at calyx, and at side and — \ 
Plat I, sprayed three times, Concord, Cal., 1909. 


Total number of— 


Percentage of— 


En- Worms Worms 
Worms Worms 
aoe Worms entered aes entered oa caee q 
and at and and 
stem. calyX. | stem. | ClYX- | stem 
24 62 23 39 | 37.10 62. 90 
26 39 10 29 | 25.64 74. 36 
17 32 12 20} 37.50 62.50 
37 OW 12 ADH e205 78. 95 
14 |- 24 7 17 | 29.16 70. 84 
12 40 16 24} 40.00 60. 00 
14 33 11 P| S8y833 66. 67 
6 25 13 1252500 48. 00 
13 38 12 26a) Foleo 68. 43 
11 29 8 21) 27258 72. 42 
174 379 124 PAD BPA, 72) 67.28 


TABLE XX.—Comparison of number of worms entering pears at calyx, and at side and 


Tree No. 


1-10 


stem. 


Worms in windfallen Worms in fruit from 
uits eee. Total number of— 
En- En- = Worms 
Num faa tered | Num- ee tered Worms entered 
ber of a at side ber of ai at side Worms. aE at side 
worms. an worms an and 
calyx stem calyx stem. calyx stem. 
311 231 80 833 635 198 | 1,144 866 278 
327 244 83 551 418 133 878 662 216 
248 200 48 425 318 107 673 518 155 
213 172 4] 350 238 1b 563 410 153 
262 200 62 459 335 124 721 535 186 
230 180 50 560 402 158 790 582 208 
201 172 29 596 444 152 797 616 181 
242 194 48 395 258 137 637 452 185 
242 163 79 460 292 168 702 455 247 
295 236 59 408 287 121 703 523 180 
QO iile| ie 1.992 579 | 5,037 | 3,627] 1,410) 7,608| 5,619|] 1,989 


Plat IT, unsprayed, Concord, Cal., 1909. 


Percentage of— 


Worms 
Worms entered 

at aide 

an 
calyx. ere 

75. 69 24. 31 
75. 40 24. 61 
76. 96 23.00 
72. 82 27.14 
74.20 25. 88 
73. 67 26. 30 
77.29 22.73 
70. 95 29.01 
64. 81 35.15 
74. 39 25. 69 
73. 86 26. 14 


TABLE X XI.—Comparison of number of worms entering pears at calyx and at side and 


stem. 


Worms in windfallen 


fruit. trees. 
Tree No En- Bite En- 
: Num- cereal tered | Num- tered 
ber of at at side | ber of ae 
rm A 
worms calyx aud worms calyx 
1 Wes pease a a 43 19 24 140 92 
Dis ee a ae 62 36 26 175 103 
SRS ee mare 21 11 10. 95 49 
Aare ee ok 50 29 2 145 96 
Dyn ate ore 62 36 26 209 152 
(gee er a 54 27 27 130 93 
Tie ee eS 22 11 11 95 77 
SS aie ae 35 23 12 111 71 
Oe ee EN 37 21 16 105 72 
TO eget ete ae 31 19 12 109 72 
Tro. tiawls 
trees 1- 
NOS es 417 232 185} 1,314 877 


Plat III, sprayed twice, Concord, Cal., 1909. ° 


Total number of— 


Worms in fruit from 


Percentage of— 


En- Worms 
Worms 

tered entered 

at side | Worms. entered at side 
and calyx and 
stem stem 
48 183 111 Ue, 

72 237 139 98 

46 116 60 56 

49 195 125 70 

57 271 188 83 

37 184 120 64 

18 117 88 29 

40 146 94 52 

33 142 93 49 

37 140 91 49 
ABT AL Tul 622 


Worms 
rms 
entered 
enter’ ae side 
an 

calyx Caan 
60. 66 39. 34 
58. 65 41.35 
51.72 48. 28 
64. 10 35. 90 
69. 37 30. 63 
65.21 34.79 
75.21 24.79 
64. 38 35. 62 
65. 42 34.58 
65. 00 35. 00 
63. 97 36. 03 


1,109 
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TaBLE XXII.—Comparison of number of worms entering pears at calyx and at side and 
stem. Plat I, sprayed three times, Walnut Creek, Cal., 1910. 


Worms winder eee at from A BayRONL HERE TTI Oe OYE Percentage of — 

T2NO. | Nom | 28. | tered | Num-| P25 | tered Worms) sntered| W"™S| entered 

ber of She at side | ber of aye at side |Worms. at sige ae at side 

worms and | worms. and an an 
calyx stem. calyx. stem. Calyx. stem cays stem 

i eats 1 0 1 9 0 9 10 0 10| 0.00 | 100.00 

Oe eS ere 3 0 3 a 0 ds 10 0 10 00 100. 00 

Be See, see 1 0 1 5 1 4 6 1 5 16. 67 83. 33 

AN ee 2 2 0 2 4 0 4 6 0 6 00 | 100.00 

5 Cues 3 0 3 6 0 6 9 0 9 00 | 100.00 

Gere ee 2, 0 2 7 0 7 9 0 9 .00 | 100.00 

Tee aos Sees 8 Ik 7 21 1 20 29 2 27 6. 90 93.10 

OS Soe ae 6 if 5 19 1 18 25 2 23 8.00 92. 00 

O) Seta eae 2 0 2 15 1 14 17 1 16 5.88 94.12 

iO. Sees 1 0 Ht 4 1 3 5 1 4 | 20.00 80. 00 
ue Ostrayly: . | 
trees 1- | 

OPS Se 29 2 27 97 5 92 126 U 119 5.56 94. 44 


TasLeE X XIII.—Comparison of number of worms entering fruit at calyx, and at side and 
stem. Plat II, sprayed April 9 and May 2, being first and second spraying as given 
Plat I, Walnut Creek, Cal., 1910. 


Worms ene fallen Nyjorms os teal irom Total number of— __| Percentage of— 

En- En- Worms Worms 

Tree No. Num- ao tered | Num- ne tered aoe d entered Sons entered 

ber of aie at side | ber of ap at side |Worms. ae at side ae at ae 

worms. and | worms. and and an 
cole stem. calyx stem Calyex stem calyx. stem. 

1 Sere 2 2 0 32 2 30 34 4 SOM eG 88. 24 

De: crete an 2 it 1 56 2 54 58 3 55 DS alyy, 94. 83 

Di Reem 2 1 1 21 0 21 23 1 22 4.35 95. 65 

Al. Saat 2 0 2 37 0 37 39 0 39 .00 | 100.C0 

bo 6 2 4 41 4 37 47 6 4] IDE 87.23 

Gee! 2 2 0 43 6 37 45 3 37 | 17.78 82. 22 

sos eae 6 1 5 41 1 40 47 2 45 4.26 95. 74 

Ch ose 4 2 2 60 2 58 64 4 60 6. 25 93.75 

(0) a area dea 2 0 2 75 1 74 Ctl 1 76 1.30 98. 70 

10 5 oes 2 0 2 36 3 33 38. 3 35 7.90 92.10 
AR fo) 15 Bille 
trees 1- 

Ore 30 ily 19 442 OAM! AP 2M 472 32 440 6.79 93. 21 


TaBLE XXIV.—Comparison of number of worms entering fruit at calyx and at side and 
stem. Plat III, sprayed April 9 and July 4, being first and third applications as 
given Plat I, Walnut Creek, Cal., 1910. 


Worms pvipalalien eee ee om Total number of— Percentage of— 
En- En- Worms Worms 
Tree No. | Num- eae tered | Num- ad tered Wen ed | entered euns entered 
ber of at at oe ber of ae at side |Worms. at at side ae at side 

worms an worms. and and and 

Cally: stem. calyx stem CNRS stem calyx stem. 
i. ees 14 5 9 45 14 31 59 19 40. | 32.21 67.79 
2) 5 SE eae Hal 3 8 38 6 32 49 9 40 18. 37 81. 63 
3 ee 10 1 9 23 3 20 288) 4 OR) 1B a1 87.88 
Ate Sa 9 4 5 24 1 23 33 5 28) 15.15 84. 85 
5 Ak eae 17 7 10 66 11 55 83 18 |, 65 | 21.69 78.31 
(i..¢ ane 9 4 5 20 3 17 29 7 22 | 24.14 75. 86 
fe es i 19 9 10 53 11 42 2, 20 52 27.78 eae, 
Ss ES eee 9 3 6 15 4 11 24 7 17 | 29.18 70. 82 
Ue ee 11 4 7 16 3 13 27 7 20 25.93 74. 07 
OR 22 15 7 75 28 47 97 43 54 44. 33 55. 67 

Total | 
trees 1- 

OMe 131 55 76 375 84 291 506 139 BO | Pay 72. 53 
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TABLE XXV.—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat IV, sprayed May 2 and July 4, being second and third applications — 


DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


as gwen Plat I, Walnut Creek, Cal., 1910. 


WOHTanS Pw aniaen Women que RUSE Total number of—_| Percentage of— 
= En- En- ae Worms Worms ~ 
Tree No. | Num- Aes tered | Num- oe tered worms entered ones entered 
ber of aE at side| ber of Be at side Worms. ae at side at | at side 
worms and | worms i an Sa and s and 
calyx stem calyx stem. calyx. | stem, | Calyx stem. 
1S eee ee 21 10 wl 80 37 43 101 47 54 | 46.54 53. 46 * 
Aa V Serna 39 32 7 78 40 38 117 72 45 | 61.54 38. 46 
Sa = ee 49 39 10 87 3l 56 136 70 66 | 51.47 48.53 
ASHE Als Sere S 39 26 9 89 38 51 124 64 60 | 51.61 48. 39 
Deere see 15 10 5) 21 | 13 8 36 23 13 | 638.89 36. 11 
Grea Sees ees 24 20 4 88 37 bl 112 o7 55 50. 89 49.11 
Uc Ses 26 17 9 82 | 27 50 108 44 64 | 40.74 59. 26 
Ssecco2 sees 14 8 6 52 26 26 66 34 322 oleb2 48. 48 
Qe Ue eas | WL 9 Dy 66 32 34 77 41 36 | 53.25 46.75 
LO ee Me ed 13 | 6 Uf 32 | 18 14 45 24 | PAL | 383 333 46. 67 
APO Werle. | 
trees 1- | 
1 OPee ss 247 177 70 675 299 376 922 476 446 | 51.63 48. 37 


TaBLE XXVI.—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat V, sprayed July 4, being third application as given Plat I, Walnut 
Creek, Cal., 1910. 


Tree No. 


| 


Num- 
| ber of 


worms. 


? 


Worms in windfallen 


fruit. 


En- 
tered 
at 
calyx. 


927 


Mes ee oat Total number of— 
En- En- = Worms 
tered | Num- pe tered Wons entered 
at side | ber of a at side | Worms. a at side 
and | worms Cale and nite and 
stem y stem YX: | stem. 
4 89 68 21 167 142 25 
12 112 83 29 244 203 41 
6 59 44 15 139 118 21 
8 56 48 8 140 124 16 
12 116 102 14 232 206 26 
12 94 84 10 202 180 2 
21 198 162 36 416 359 57 
7 83 73 10 165 148 17 
9 89 “al 18 172 145 | 27 
4 58 41 17 99 78 | 21 
95 954 776 178 1,976 1,703 273 | 


TaBLE XXVII.—Comparison of number of 
and stem. Plat VI, unsprayed check, 


Worms in windfallen 


fruit. 
Tree No. = En- 
ber of | red 
at 

worms calyx 

Leet a 2 192 181 

DP ns een 119 106 

Oe eee 181 165 

2a gas Seb ea 139 123 

tyne noe 95 86 

GPSa eee ie 119 106 

i res eee 58 54 

Beate pease ee 105 89 

OR Re ates 119 104 

TO 118 | 105 

Total, | 

trees 1- 

VO): eee 1, 245 1,119 


a 
tered | Num- 


Worms in fruit from 


trees. 


at side | ber of 

and |worms. 
stem. 

il 153 

13 91 

16 134 

16 119 

9 84 

13 52 

4 95 

16 97 

15 134 

13 75 

126 | 1,034 | 


Walnut Creek, Cal., 1910. 


85. 03 


78.79 


Percentage of— 


Worms 
entered 
at 
calyx. 


83. 20 
84. 89 
88. 57 
88.79 
89.11 
86. 30 
89. 69 
84. 30 


86. 18 


Worms 
entered 
at side 
and 
stem. 


14. 97 
16. 80 
15. 11 
11. 43 
11. 21 
10. 89 
13.70 
10. 31 
15. 70 


21.21 


13. 82 


worms entering pears at calyx, and at side 


aE ed a 


| Total number of— | Percentage of— 
En- < Worms | Worms 
Worms 

tered ‘entered entered 

at side |Worms. entered at side entered at side 
and : and and 
stem. calyX. | stem, | C@lYX- | stem 

7 345 327 18 | 94.78 5.22 

14 210 183 |- PAs || eats We 12.86 

3 315 296 19 | 93.97 6. 03 

7 258 235 23 | 91.08 8. 92 

6 179 164 15 | 91.60 &. 40 

5 171 153 18 | 89.48 10. 52 

16 153 133 20 | 86.93 13. 07 

6 202 180 22 | 89.10 10. 90 

4 253 234 19 | 92.50 7.50 

5 193 175 18 | 90.67 9. 33 

73 | 2,279 | 2,080 199 | 91.27 8.73 


pict D> ee aaah nas 
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Taste XXVIII—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat VII, sprayed April 9, being first application as given Plat I, Walnut 
Creek, Cal., 1910. 


Tree No. 


Worms in windfallen 


Worms in fruit from ° 


Total number of— 


Percentage of— 


fruit. trees. 

En- En- Worms Worms 

Num- | En- tered | Num-| En- tered Nae entered eee entered 
ber of |tered at) at side} ber of |tered at! at side |Worins. at at side oe at side 
worms.| calyx. gue worms.| calyx. ond calyx. ond calyx ane 

15 7 8 26 8 18 Al 15 26 | 36.59 63. 41 

6 2 4 32 8 24 38 10 28 | 26.33 73. 67 

10 5 5 88 15 73 98 20 78 | 20.41 79. 59 

21 9 12 54 8 46 75 17 Sy len 22n0u 77.33 

7 2 iy 52 10 42 59 12 47 | 20.34 79. 66 

9 4 5 116 15 101 125 19 106 | 15.20 84. 80 

27 8 19 75 49 26 102 57 45 | 55.88 44,12 

20 11 9 42 7 35 62 18 44 | 29.19 70. 81 

6 i 5 45 9 36 51 10 41 | 19.61 80. 39 

5 3 2 37 11 26 42 14 Py Ne RBy BB} 66. 67 

126 52 74 567 140 427 693 192 HOV 2i. TL 72.29 


TaBLE X XIX.—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat VIII, sprayed May 2, being second application as given Plat I, Walnut 
Creek, Cal., 1910. 


Worms fe wansialen eal from aralenumiberot = Percentage of— 
= En- En- 7 ‘Worms Worms 
Tree No. Num- En- tered | Num- En- tered pices entered oun entered 
ber of |tered at| at side | ber of |tered at] at side |Worms. ag at side ae at side 
|'worms.| calyx. | and |worms.| calyx. | and calyx and Gale and 
stem stem Y*- | stem. YX. | stem. 
pss ot 1 Thal sae eo 19 4 15 20 5 15 | 25.00 75. 00 
D> Se tae a, 31 22 9 70 32 38 101 54 47 | 48.65 51. 35 
he lee 10 8 2 42 12 30 52 20 32 | 38.46 61. 54 
sa se 29 24 5 116 53 63 145 ee 68 | 53.10 46. 90 
yeas Se 8S 21 15 6 29 10 19 50 25 25 | 50.00 50. 00 
(7) A es aa 82 50 32 119 43 76 201 93 108 | 46.27 Dole 
(oo eae 20 11 9 53 24 29 73 35 38 | 47.95 52.05 
Sens ha i 19 13 6 39 16 23 58 29 29 | 50.00 50. 00 
Ds a ee ae 28 20 8 64 25 39 92 45 47 | 48.91 51.09 
Oe 19 10 |- 9 46 20 26 65 30 Byala AGsalls 53.85 
EOntranler 
trees 1- 
IV Serer 260 174 86 597 239 358 857 413 444 | 48.19 51.81 


TaBLE XXX.—Comparison of number of worms entering fruit at calyx, and at side and 
stem. Plat I, sprayed three tumes, Suisun, Cal., 1910. 


| Worms Dy indiaiien _| Worms a et from Total number of-— | Percentage of — 
, el En- En- - Worms Worms 
Tree No. | Num- En- tered | Num- En- tered woes entered ay onus entered 
ber of |tered at} at side | ber of |tered at| at side |Worms a at side ae at side 
worms.| calyx. | and |worms.| calyx. | and ini and Cali and 
stem stem. y stem y stem 
i eee wana 19 9 10 36 U 29 55 16 39 | 29.09 70.91 
TSE Ne ee | 8 4 4 15 4 11 23 8 15 34.78 65. 22 
Oe sea. 6 2 4 11 4 7 17 6 11 | 35.29 64. 71 
Ama pi NS | 6 1 5 16 iL 115 22 2 20 9.09 90. 91 
Deepest its 14 Uf 7 12 3 9 26 10 16 | 38.46 61. 54 
5 ae eee 12 5 7 9 0 9 21 5 16 | 23.81 76.19 
MER eo ee | 22 8 14 37 8 29 59 16 AZ a lmetenlia 72.88 
eee 30 10 20 39 14 25 69 24 45 | 34.78 65. 22 
Ot ena 13 4 9 30 U 23 43 11 32 | 25.58 74. 42 
110) 5.5 bare 29 16. 13 59 16 43 88 32 56 | 36.36 63. 64 
DONG ail 
trees 1- 
1G) ees 159 66 93 264 64 200 423 130 293 | 30.73 69. 27 
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TaBLeE XXXI.—Comparison of number of worms entering pears at calyx, and at side and — 
stem. Plat II, sprayed May 5 and June 16, being second and third applications as given 
Plat I, Suisun, Cal., 1910. 


icra poe ea ee | Bs aes one Total number of— Percentage of— 

= En- En | | Worms Worms 

Tree No. Num- | En- tered | Num-| En- | tered wf as entered |) O75 entered 

ber of tered at at side} ber of |tered at at side \Worms.|“™ ee | at side | ro at side 

| worms.) calyx. | and | worms.) calyx.| and | and ee and 
stem. | stem che a paStem: wa 3) SStetite 
| 

Seeeee Fen 57 40 17 56 | 34 | 22 113 7 39 | 65.49} 34.51 

De prea nd 95 66 29 123 82 41 | 218 148 7 67.89 67.89 

Sees see 72 55 17 | 130 84 46 | 202 139 | 63 | 68.81 31.19 

ie a ee 51 42 9 | 52 31 21 103 73 | 30 | 70.87 29.13 

Nae neee Bee 77 60 17+ 107 | 75 32 | 184 135 | 49 | 73.37 26. 63 
Oss. Sa: 149 114 35 | 149 | 92 57 298 206 92 | 69.13 69.87 
ee 7 47|  27|  76|  50| 26| 150|- -97| . 53| 6467|- 35.33 am 
DOES oe 114 83 31-| 140] 108 39 254 184 70 | 72.44] 27.56 
Gee eG 34 27 | 7 | 67 | 37 | 30 | 101 64 37 | 63. 37 35.63. 
AR tees A 103 7 O5n|o 136m 52 77 242 140 102 | 57.85 | 42.15 : 
A Oxtacnls: | 
trees 1— b 
Ose se 826 | 612 | 214 | 1,039 | 648 | 391 | 1,865] 1,260 | 605 | 67.56 32.44 


TaBLE XX XII.—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat III, sprayed April 7 and June 17, being first and third applications 


as given Plat I, Suisun, Cal., 1910. 2 
Worms in windfallen Worms in fruit from = £ 3 
fruit. esky Total number of— Percentage of— | 
. { | | x 
= En- | En- Worms | Worms — 
Tree No. | Num-| En- | tered | Num-| En- | tered worms entered or entered 
ber of |tered at at side | ber of | tod at} at sige | Worms." at se at side 
worms.| calyx. | and | worms.) calyx. | an and | and | 
S| stem. | | stem. calyx. | stem. | CAlYX- | stem 
; = 4 
(ee 25 16 9 56 13 43 SI 29 52| 35.80 |. 6420 3 
Lat Ae Oe te 17 8 9 36 13 23 53 21 32 | 39.63 60. 37 
Bee ae ae ey, si 27 17 45 18 27 89 45 44° 50.50 49.50 
eee cS 13 7 6| 26 8 18 39 15 24 38.46 | 61.54 
ise eaueee oe 18 9 9 | 34 7 27 a2 16 36 | 30.77 69. 23 = 
Gees ae 43 19 24 67 26 41 110 45 65, 40.91 59. 09 Z 
I (eeu eee eee 09 36 23 127 32 75 186 88 98 | 47.31 52.69 
Ee eae cs 19 25 91 41 50 135 60 75 | 44.44| 55.56 @ 
Gre reca es [at 24 17 52 15 37 93 39 54 41.94 | 58.06 & 
PQ Reet ae ss 20 12 8 41 17 24 61 29 32 47.54! 52.46 
Total | 
trees 1— | = : : 
i ease | 324 177 147 | 575 210 365 899 387 d12 | 43.05} 56.95 


TaBLE XX XIII.—Comparison of number of worms entering pears at calyx, and at side 
and stem. Plat IV, unsprayed check, Suisun, Cal., 1910. 


TE ea ee ee ee eee 


z : [ i 
| ais See | l 
| Worms pneu | VGH Paes fen OE Total number of— Percentage oi— 
i | | 
j 
aie En- En- Worms |,,- Worms 
Tree No. | Num- | En- tered | Num-| En- tered es entered Mie d entered 
| ber of |tered at) at side| ber of |tered at) at side |Worms.) Ht at side | at at side 
worms.| calyx. | and | worms.! calyx. | and . tsites 
stem. stem. stem. | = stem 
i eee eae 370 350 20 158 143 | 15 528 493 35 93.37 6. 63 
De are wees 199 188 11 118 112 6 317 300 17 | 94.64 5. 36 
Bees eS 420 398 22 136 123 13 556 521 35 | 93.70 6. 30 ce 
y eee 171 160 11 227 213 14 398 373 25 | 93.72 6. 28 + 
Eyes o ae eee 386 359 27 326 301 25 712 660 52 | 92.69 tal F 
Geena sae 248 227 21 228 219 9 476 446 30 | 93.70 6. 30 
LSet Ee 496 476 20 195 182 13 691 658 33} 95. 22 4.78 - 
oes 193 179 14 107 100 7 300 279 21 | 93.00 7. 00 : 
ee Soe 533 503 30 255 234 | 21 788 737 Sha TeOSs52 6. 48 $ 
LOS ee 481 464 17 404 367 37 885 831 54 | 93.90 6.10 Z 
Lotad, } : 
trees 1- £ 
Giese | 3,497 | 3,304 193 | 2,154 | 1,994 160 | 5,651 | 5,296 355 | 93. 72 6.28 
- 


THE CODLING MOTH ON PEARS IN CALIFORNIA. 39 


To show more fully the results of the different sprayings as influenc- 
ing the places of entrance of the worms and showing where they are 
mostly killed Tables XXXIV, XXXV, and XXXVI have been pre- 
pared, which are in part summaries of the foregoing tables and of 
those which are to follow under the heading of ‘‘Commercial results 
from spraying.” 

In Table XXXIV, in the unsprayed portion, Plat VI, 85.702 per 
cent of the pears were wormy at the calyx, and 8.198 per cent were 
wormy at the side and stem, while in the demonstration block, Plat I, 
which received three sprayings only, 0.223 per cent of the pears were 
wormy at the calyx.and 3.803 per cent at the side and stem. This indi- 
cates that the sprayings reduced the infestation at the calyx from 
85.702 per cent to 0.223 per cent, a reduction to approximately one 
three-hundred-and-eighty-fourth of the original infestation. That is, 
the check plat showed 384 times more pears wormy at the calyx than 
was the case with Plat I. The infestation at the side and stem was 
reduced from 8.198 per cent on the check plat to 3.803 per cent for 
Plat I, a reduction of only a little over one-half of the original infes- 
tation. While the infestation at the calyx was reduced 384 times, 
the infestation at the side and stem was reduced only 2.4 times. 

Plat II, which received the two early sprayings for the first-brood 
worms, but no late spraying corresponding to the third treatment on 
Plat I, had 0.747 per cent of the pears wormy at the calyx, indicating. 
a reduction to about one one-hundred-and-fourteenth of the original 
infestation, while the infestation at the side and stem was not reduced 
but apparently slightly increased, as this plat showed 9.943 per cent 
of the fruit wormy at the side and stem as against 8.198 per cent 
wormy at the side and stem in the unsprayed check plat. 

This phenomenon might be thought to indicate that there was some 
repellent action by the arsenate of lead in the calyx cavity to cause 
the worms to seek the uncoated surface of the pear. However, this 
is probably explained by the fact that on the unsprayed block such a 
large portion of the pears were injured by the first-brood worms and 
fell off the trees before the appearance of the second-brood worms, 
that, although the same proportion of worms of this second brood 
entered the side of the fruit in the check block as in the block receiv- 
ing the two early sprayings, there were not enough pears left on the 
trees in the check block to bring the average of the total crop of 
pears, wormy at the side, up to that of Plat Il, where a much larger 
portion of the year’s crop had been kept on the trees by the early 
_sprayings. This same condition holds true for the unsprayed check, 
Plat IV, in Table XXXV, recording experiments at Suisun in 1910. 
More than 60 per cent of the total crop of fruit from the check plat 
dropped from the trees, due almost entirely to the work of the first- 
brood worms. On the sprayed blocks only 13 to 22 per cent of the 
total crop of fruit dropped from the trees. 
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In Plat II of Table XXXVI, recording the 1909 experiments at 
Concord, worms were not so prevalent, the fruit on the unsprayed 
plat being only 53.05 per cent wormy and only about 31 per cent of 
the fruit dropping from the trees. (See Table XX XVIII.) This plat 
shows a much higher percentage (13.869 per cent) of the pears 
wormy at the side and stem. Also, if we examine Plat V of Table 
XXXIV, recording the 1910 experiments at Walnut Creek, we find a 
higher percentage of pears wormy at the side and stem, namely, 
11.699 per cent as against 8.198 per cent in the check block. Plat V 
received no treatment for the first-brood worms, but was sprayed 
once on July 4 just before the second-brood worms began to enter 
the fruit. The surface of the fruit was fairly well covered, yet the 
percentage of fruit wormy at the side and stem was greater than 
was that of the unsprayed block. In this case it will be seen 
(Tables XLIV and XLV) that there was more fruit on the trees at 
picking time in Plat V than on the trees of the check plat. Also 
there were correspondingly more windfalls from the trees in the check 
plat than from the trees in Plat V. 

All of the plats receiving the first spraying (soon after falling of 
petals) show a comparatively light infestation at the calyx, .and those 
receiving the two early sprayings have very few pears wormy at the 
calyx. (See Plats I, IH, III, and VII, Table XXXIV.) Those plats 
on which this first spraying was omitted have a greater percentage of 
pears wormy at calyx, although they received one thorough spraying 
just before the first-brood worms began to enter the fruit, which was 
some four weeks after the petals had fallen. (See Plats IV and VIII, 
Table XXXIV.) : 


TaBLE XXXIV.—Degree of infestation and relative infestation at different places of 
entrance by codling-moth larve. Plats I to VITT, inclusive, Walnut Creek, Cal., 1910. 


: : | Relative infestation at differ- 
Degree of infestation. ent places of entrance. 
| otal | etre | Total Percent 
: | number otal per _ | Percent- 
Plat. | Der: of wormy| Total per Fol ee cent of bee he perce age of 
WOZPESTS Al pearse | ecentatede conse pears 8 worms 
wormy Pearse 4 wormy at of worms | worms entering 
wormy . (100 per | entering aad 
pears. | 3+ calyx. | side and cent) ie calon at side 
YX | stem. : Y*- | and stem. 
Plat I, sprayed Apr. | 
9, May 2, July 14..- 3, 126 126 4.03 0. 223 3. 803 126 5.56 94. 44 
Plat II, sprayed Apr. 
9 and May 2........ 4,415 472 10. 69 747 9, 943 472 6.79 93.21 
Plat III, sprayed 
Apr. 9and July 4... 2,477 506 20. 43 5. 611 14. 816 506 27.47 72. 53 
Plat [V sprayed May 
2 and ‘July gale ees 4, 096 922 22.51 11. 621 10. 888 922 51. 68 48.37 
oe V see July 
BEB e SE Se OEE eee 2, 248 1,976 87.90 76. 201 11. 699 1,976 86. 18 13. 82 
Plat vi unsprayed 
checkess 2s. Se eet 2,427 2,279 93. 90 85. 702 8. 198 2,279 91.27 8. 73 
ee iL, sprayed | 
IAPs Oceanic 2,128 693 32.57 9. 020 23. 550 693 27.71 (2529 
Plat VIII, sprayed | 
Maye Se eae 2,811 | 857 30. 49 14. 695 15.795 857 48. 19 51. 81 
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Taste XXXV.—Degree of infestation and relative infestation at different places of 


entrance by codling-moth larvx. 


Plats I-IV, Suisun, Cal., 1910. 


< ; Relative infestation at differ- 
Degree of infestation. ent places of entrance. 
Total 
Total 
number Total per s *| Percent= 
Plat. BUM Der: of wormy| Total per Hoe ee cent of g Ot) Percent age of 
CR CaTS- i peatsenr |: centcor ene DCaIS Plea ae ee worms: 
MORIA, bheag ae ee (100 per | entering nee 
ears. side an ans side 
P at calyx. Stemi cent). | at calyx. SABI nT. 
Plat I, sprayed Apr. 
6, May 4, and June 
UG) eee ca ah Se ae 7,290 423 5. 80 1.783 4. 019 423 30. 73 69. 27 
Plat Il, sprayed May 
5 and June 16....-.- 6,538 1, 865 28. 52 19. 270 9. 250 1, 865 67.56 32.44 
Plat III, sprayed 
- Apr.7and June 17. 6, 381 899 14. 09 6. 065 8. 024 899 43.05 56. 95 
Plat IV, unsprayed 
Cheeks. ses as 5, 941 5, 651 95.12 89. 143 5.975 5, 651 93. 72 6. 28 


Taste XXXVI.—Degree of infestation and relative infestation at different places of 
Plats I to IIT, inclusive, Concord, Cal., 1909. 


entrance by codling-moth larve. 


Degree of infestation. Sy Clases Seen eee 
Total Fae zi 
Total | 
ber _ | Percent- 
Plat. number. | Um Percent| Total | Percent- | 
of pears. OL ae Per cent ve cent of pears | number | ageof | Bs Sas 
12 * lof wormy ae ie wormy at} of worms} worms a ete 
pears. | + cave side and | (100 per entering | “34 Cig 
stem. cent). | at calyx. rial Siaa 
Plat I, sprayed Apr. 
17, May 10, and | 
JUDE WO) osbacsaoese 13, 219 379 2. 86 0. 938 1.929 379 B22 67.28 
Plat II, unsprayed | 
Che Ckyaee a ean a: 14, 290 7,581 53. 05 39. 181 13. 869 7,581 73. 86 26. 14 
Plat III, sprayed 
Apr. 18and June29.| 13, 948 1,731 12. 415 7.954 4.461 1,731 63. 97 36. 03 


For the best results in obtaining fruit free from worms, it is desir- 
able to spray three times, but if only two applications can be put on, 
the two early treatments give far better results than any other two 


sprayings. 


COMMERCIAL RESULTS 


ContTrA Costa County, 1909. 


FROM SPRAYING. 


The 15-acre Bartlett pear orchard belonging to Mr. George Whit- 
man and located in the central part of Ygnacio Valley, Contra Costa 


County (see Plate III), was used for this work in 1909. 


The trees 


are large and well cared for, comparing favorably with the average 
California pear orchard. 
The larger part of the orchard was included in Plat I as a demon- 


stration. 


unsprayed for comparison. 
the north end of the orchard. 


Four rows across the middle of the orchard were left 


Plat III consisted of six rows across 
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The first spraying for Plats I and III was just after most of the 
petals had fallen from the trees, April 17 to 21. Calyx cups on some 
of the second-crop fruit were closing at this time. For this spraying 
the nozzles were held close to the fruit clusters in order to fill the calyx 
cavities as much as possible. Many counts showed from 80 to 85 
per cent of all cups to have been filled. The second spraying on 
Plat I came about three weeks later, May 10 to 12, after the first 
moths were out and depositing eggs. This spraying was omitted 
on Plat III. The last spraying was for the second-brood worms and 
was applied June 28 to 30 on Plats I and III, just after the second- 
brood moths began to emerge in numbers. 

A gasoline power outfit was used for all sprayings. One man was 
stationed on a tower platform 8 feet above the tank to spray the tops 
of the trees while two men sprayed from the ground, supplied with 
bamboo rods 10 and 12 feet long with large nozzles with wide chambers 
throwing a mist which spread quickly after leaving the nozzle. A 
uniform pressure of 150 to 175 pounds was maintained, and arsenate 
of lead at the rate of 2 pounds to 50 gallons of water was used, re- 
quiring an average of 24 to 3 gallons of spray per tree for each appli- 
cation. 

The total expense of spraying, including the arsenate of lead at 
124 cents per pound, four men to run the machine and do the spraying 
at $1.50 per day for each man, and two horses at $1 each per day, 
and gasoline and lubricating oil, etc., amounted to 64 cents per tree 
for three applications and 43 cents per tree for two applications. 
The records in Tables XX XVII, XXXVIIT, and XXXIX give the 
comparison of the sound and wormy fruit from 10 trees in each plat 
for the season. The windfalls were gathered and graded once each 
week. 


TasBLE XXXVII.—Sound and wormy fruit from 10 pear trees of Plat I, sprayed three 
times, in orchard of Mr. George Whitman, Concord, Cal., 1909. 


Number of windfallen Number of pears from Potalnanee 
pears. trees. 
Tree No | Per cent 
cane sound. 
Total. | Wormy.| Sound. | Total. | Wormy.| Sound. | Total. | Wormy.| Sound. 
Ieee ian setae 440 23 417 | 1,294 39 | 1,255 | 1,734 62)" 1,672 96. 42 
DAB IN 2 men Been es 95 5 90 | 1,078 34] 1,044] 1,173 39 | 1,134 96.68 
Sete ee 73 8 65 775 24 751 848 32 816 96. 23 
Ale as Soa Fe 171 14 157 | 1,548 AZ) des0amie lg 57 | 1,662 96.68 
Diets Smee aca aia 90 4 86 | 1,025 20) O05 5] eeleslali 24 | 1,091 97.85 
Gees Ey Oe son 368 19 349 846 21 825 | 1,214 40 | 1,174 96.71 
(RE nee 153 11 142 | 1,164 PO) NE TGA TL Sy 33 | 1,284 97. 50 
Si eaten 122 8 114 794 17 777 916 25 891 97. 28 
Que) Aer ae eae 658 19 639 | 1,298 19s) 279) 16.956 38 | 1,918 98. 06 
LORS Re eee a 246 15 231 14 967 1, 227 29 1,198 97.64 
Total, trees | | | 
NNO se eee 2,416 126 2,290 | 10,803 | 253 | 10,550 | 13,219 379 | 12,840 97.12 


Bul. 97, Part Il, Bureau of Entomology, U. S. Dept. of Agriculture. 


PLATE III. 


GENERAL VIEW OF THE WHITMAN PEAR ORCHARD, WITH POWER SPRAYING OUTFIT IN OPERATION IN SPRAYING EXPERIMENTS AGAINST CODLING 


(ORIGINAL. ) 


MOTH, CONCORD, CAL., 1909. 


“ 
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Taste XXXVIII.—Sound and wormy fruit from 10 pear trees from unsprayed check plat 
in pear orchard of Mr. George Whitman, Concord, Cal., 1909. 


| Number of windfallen Number of pears from OMGtAl auniber 
pears. | trees. 
| Per cent 
Tree No. = | sound. 
Total. | Wormy.| Sound.| Total. |\Wormy.| Sound.| Total. | Wormy.| Sound. | 
Looe ae 610 | 311 29S | 1,358 833 525 | 1,968 1,144 824 41.87 
PO OU enti tte ay 619 307 312 982 551 431 | 1,601 858 743 46. 41 
35 eee 456 248 208 929 425 504 | 1,385 673 712 51.40 
ALS SERRE ee eh 444 213 231 764 350 414 | 1,208 | 563 645 53.39 
5 cure ieee es 430 | 262 168 949 459 490 | 1,379 721 §58 AT. 72 
Gee eee ter Sot | 390 230 160 | 1,315 560 | - 755 | 1,705 790 915 53.67 
1 Sa ee 356 | 201 [50 | 1, 164 596 568 | 1,520 797 723 47.57 
53): eae ea eee 351. | 242 109 678 395 283 | 1,029 637 392 38.08 
ORS eres iene 407 242 165 885 460 425 | 1,292 702 590 45.67 
HO ted teil oe 416 | 288 128 787 408 379 | 1,203 696 507 42.14 
Total, trees 
lel) eess 4,479 2,544 | 1,935 | 9,811 5,037 | 4,774 | 14,290 7,581 | 6,709 46.95 


TaBLE XXXIX.—Sound and wormy fruit from 10 pear trees in Plat ITI, sprayed twice, 
in orchard of Mr. George Whitman, Concord, Cal., 1909. 


Sus of nadie | paper ot wears from otalenuanber 

= : ; Per cent 

Tree No. Bebe 2 Reread sound. 

Total. ; Wormy.| Sound.| Total. | Wormy.) Sound.| Total. | Wormy.| Sound. 
ie eee 420 43 377 897 140 EN ake Bale? [83a lets! 86.10 
aa. Fae 336 62 QiAa\ e055 175 880 | 1,391 237 de lid ‘82.96 
ha SM regen 203 21 182 | 1,120 Qos hl O202 2 al823 UGH S207 91.24 
AMR RE? akc a 418 50 368 867 145 t22\ A285 195 | 1,090 84. 82 
Biers ey seein Ee 549 62 487 889 209 680 | 1,438 271 1,167 81.16 
G2 SSRN apiece | 431 54 377 875 130 745 | 1,306 184 | 1,122 85.91 
Tac eee 281 22 259 653 95 558 934 117 817 87.47 
Sep se eles one | 374 35 339 | 1,150 111 1,039 | 1,524 146 | 1,378 80.58 
0) ee aE ear 467 om AZ0n | eli 105 | 1,066 | 1,638 142 | 1,496 91.33 
iG. wae 669 31 638 | 1,118 109 | 1,009 | 1,787 140 | 1,647 92.17 
Total, trees | 

= ORs oe 4,148 417 | 3,731 | 9,795 1,314 | 8,481 | 13,943 Se. ||P Aly 87.59 


The fruit from the unsprayed plat was 53.05 per cent wormy. 
That of Plat III, sprayed twice, was 12.41 per cent wormy, showing 
a gain of 40.64 per cent for two sprayings, and Plat I had 2.87 per 
cent wormy pears with 97.12 per cent sound, realizing an increase of 
50.18 per cent sound fruit over the unsprayed trees. 


PROFITS. 


The 10 trees in the unsprayed block, Plat Il, Table XX XVIII, gave 
a yleld of 4,774 sound pears. Allowing 150 pears per box this would 
give 31.82 boxes of shipping fruit. The net price this year for pears 
shipped east was about 80 cents per box. Taking this as the price 
for all the sound pears shows a total of $25.45 returns from the 10 
trees not sprayed. Counting all windfalls after July 3 and all the 
wormy fruit picked from the tree as fit for drying there were 7,939 
such pears, or approximately 2,540 pounds, which would make 362 
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pounds of dried fruit.¢ Allowing 7 cents per pound for this, minus 
14 cents for the cost of drying, gives $19.95, the possible returns for 
the fruit not shipped. This, with the amount received for the fruit 


tree. 


Plat Ill, Table XX XIX, produced 8,481 sound pears, or 63.20 


boxes, which at 80 cents per box gives a gross return of $50.56 for 
the fruit shipped. There were 4,159 wormy pears and windfalls for _ 


the dry ground, or 1,321 pounds of green fruit, giving 188.70 pounds 
of dried fruit, which, at the same price as the other, makes $10.37. 
This, added to the $50.56 for the fruit shipped east, gives $60.93 for 
the gross returns from the ten trees, or $6.09 per tree. Deducting 
from this 44 cents for the cost of spraying, leaves a net return of 
$6.04 per tree, or a net increase of $1.49 per tree for the two sprayings 
over the check block. 

Plat I, Table XX XVII, sprayed three times, gave 10,550 sound 
pears picked from the 10 trees, or 70.33 boxes. At 80 cents per box 
this gives $56.26 returns for the fruit shipped. There were 1,941 
windfalls and wormy pears from the trees, or 621 pounds of green 
fruit, making 88.70 pounds of dried fruit, which at 7 cents per pound 
(minus 14 cents, the cost of drying) leaves $4.88 for the dried fruit. 


Adding this to the returns for the shipped fruit gives $61.14 gross ~ 


returns for the 10 trees, or $6.114 per tree. Deducting from this 64 
cents, the cost of spraying three times, leaves a net return of $6.04 
per tree, a net increase of $1.49 per tree or $156.45 per acre over the 
unsprayed trees. 

These figures show no gain in Plat I over Plat III for the extra 
spraying, which came May 10 to 11, but by referring to Tables 


shipped, gives a total of $45.50 returns for the 10 trees, or $4.55 per | 


XXXVII and XX XIX it will be seen that there was an increase of ; 


9.42 per cent of sound fruit for this spraying. Also the total number 
of pears from the 10 trees in Plat III was greater by 724, or there 
were 5.17 per cent more pears than from the 10 treesin Plat I. The 
difference was even greater between the check block and the demon- 
stration. The check block, Plat I, having 1,071, or 7.42 per cent, 
more pears than the 10 trees in Plat III. 


Contra Costa County, 1910. 


An orchard consisting of about 750 Bartlett pear trees belonging 


to the Mrs. Fanny W. Bancroft Orchard Co. and located some 3: 
miles from Walnut Creek was used for the experiments in 1910. 

The orchard was laid off into eight eu of from 75 to 100 trees each 
and sprayed as follows: 


a All figures for these ratios are based on 150 pears to a box of 48 pounds and a ratio 
of 7 tons of fruit as it is picked up in the field producing 1 ton of dried fruit. 
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First Second | 
Plat No.| spraying, | spraying, | Third spraying, July 4. 
Apr. 9. May 2. 
I ROR are DO. Guieiness XX (demonstration). 
II DOs SXORG Omit. 
III DOK Secret Omiitezese |, Oe 
IV Onn soecl) ROK oacoe XX. 
W Owomiiss ool) -Oswatee aos! DO 
aval Omitzs=5|SOmite eo Omit.(checls): 
Wall DXOXe es ae OTMitesa eh Omit 
VIII Omiteeea= XOXS ae Omit: 
xX X=Sprayed. 
Omit=Unsprayed. 


The codling moth had been very abundant in this orchard for 
several years, frequently occurring in such numbers that 90 per cent 
or more of the fruit was infested. The unsprayed plat this year had 
93.90 per cent wormy fruit. The same outfit was used this year as 
was used in the Whitman.orchard in 1909 and the same materials, - 
namely, arsenate of lead, except that half of each plat was sprayed 
with arsenate of lead at the rate of 6 pounds to each 100 gallons of 
water and the other half with arsenate of lead at the rate of 4 pounds 
to each 100 gallons of water at each application. Five of the ten 
trees selected for records were taken from each half of the blocks and 
the records kept separately throughout the season. No consistent 
differences could be found and it is quite evident that 4 pounds of | 
arsenate of lead is as efficient as 6 pounds for each 100 gallons of 
water. All spraying was done thoroughly and, so far as possible, all 
the calyx cups on those plats receiving the first application were well 
filled with spray. The results showing the sound and wormy fruit 
from the eight plats are given in Tables XL to XLVII. The 
windfalls were gathered and examined once each week. 


Taste XL.—Sound and worm fruit from 10 trees in Plat I, sprayed three times, pear 
orchard of the Mrs. Fanny W. Bancroft Orchard Co., near Walnut Creek, Cal., 1910. 


Number of windfallen | Number of pears from ; 
pears. rose: Total number. Per cent— 
Tree No. 
Total. | Wormy.|Sound.) Total. | Wormy.|Sound. Total.| Wormy.|Sound.); Wormy.|Sound. 
lea ee 28 1 27 411 9 402 439 10 429 2.28 | 97.72 
2s Aas ean 8 3 5 143 a 136 151 10 141 6. 62 93. 38 
3 oon 28 1 27 364 5 359 392 6 386 1.53 | 98. 47 
il ae 19 2 Fi 218 4 214 237 6 231 DBS |b oe Ul 
De See 15 3 12 138 6 132 153 9 144 5.88 | 94.12 
Ds oceeeas nee 18 2 16 232 i 225 250 9 241 3.60 | 96. 40 
Ul occa. ee eee 34 8 26 459 21 438 493 29 464 5.88 | 94.12 
‘lp cris ee 69 6 63 301 19 282 370 25 345 6. 76 93. 24 
os 6st eee 30 2 28 381 15 366 411 17 394 4.14 95. 86 
eS epee ee eee 12 1 11 218 4 214 | 230 5 225 PANG 97. 83 
Total, trees Pe Nad a | oF | | 
15 Kt este eees 261 29 | 232 | 2,865 97 | 2,768 | 3.126 126 | 3,000 4.03 95. 97 
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TaBLeE XLI.—Sound and wormy fruit from 10 trees of Plat II, sprayed Apr. 9 and May 
2, being only first two applications as given Plat I, pear orchard of the Mrs. Fanny Wo 
Bancroft Orchard Co., 1910. 


Tree No. 

es terres eye age 
OSE te Asa aaa 
Fa Nirah fees hereto 
/1| ae a Se ee 
fy eet Auenest eae 
Doe ein eee 
uaa aes 
Queer eas 
Oe ae ee 
1) eo erm 

Total, trees 
11053225 


Number of windfallen 


Number of pears from 


Total number. 


pears. trees. 

Total.| Wormy.|Sound.| Total. | Wormy. Sound. Total.| Wormy. 
13 2 a 429 | 32 397 442 34 
itz 2 15 425 56 369 442 58 
19 Die ernie 323 DI 302 342 23 
12 2 10 395 37 358 407 39 
32 6 26 316 4] 275 348 47 
18 2 16 363 43 320 381 45 
29 6 23 509 41 468 538 47 
31 4 27 492 60 432 523 64 
20 2 18 458 75 383 478 77 
21 2; 19 493 36 457 514 38 

212 30 182 | 4,203 442 | 3,761 | 4,415 472 


Per cent— 


Sound.| Wormy.|Sound. 


92.31 


408 7.69 
384] 13.12] 86.88 
319 6.73. | 93.27% 
368 9.58 | 90.42 | 
301 |- 13.51] 86.49 | 
336} 11.81 | 88.19 
401 8.74 | 91.26 | 
459 | 12.24 | 87.76 
401} 16.11] 83.89 
476 7.39 | 92.61 
3,943 | 10.69 | $9.31 


TasBLE XLII.—Sound and wormy fruit from 10 trees in Plat III, sprayed Apr. 9 and | 
July 4, being first and third applications as given Plat I, pear orchard of the Mrs. Fanny | 


W. Bancroft Orchard Co., 1910. 


Number of windfalien | Number of pears from 


Total number. 


Per cent— 


pears. trees. 
Tree No. 

Total. | Wormy.|Sound.| Total. | Wormy.|Sound.} Total. | Wormy. 
LR eae nen 78 14 64 231 45 186 309 59 
DD) erga aa 19 11 8 212 38 174 231 49 
OMe ene ee | 27 10 17 132 23 109 159 33 
Abin fare a a 10 24 9 15 134 24 110 158 33 
Sin, ee eae 45 17 28 289 66 223 334 83 
(EAE ee ee ee 25 9 16 131 20 HU 156 29 
(CS one 55 19 36 438 53 385 493 72 
SS es eee ee al 18 9 9 105 15 90 123 24 
O eiereneprn ets 26 11 15 119 16 103 145 27 
Rie tie ys 40 22 18 329 io 254 369 97 

Total, trees 
HW. cock 300. 131 226 | 2,120 375 | 1,745 | 2,477 506 


Sound.) Wermy.|Sound. | 


250 19.09 | 80.91 
182 2021 18209) 
126 20.75 | 79.25 
125 20.85 | 79.11 
251 24.85 | 75.15 
127 18.59 | 81.41 
421 14.60 | &5. 40 
99 19.51 | 80. 49 
118 18.62} §1.38 } 
272 265298 eran 
1,971 20.43 | 79.57 


TaBLeE XLIII.—Sound and wormy fruit from 10 trees in Plat IV, sprayed May 2 and 
July 4, being second and third applications as given Plat I, pear orchard of the Mrs. 
Fanny W. Bancroft Orchard Co., 1910. 


Tree No. 


Total, 
1-10 


trees 


Number of windfallen 


pears. 
Total. | Wormy.|Sound. 
88 21 67 
81 39 42 
76 49 o7 
53 35 18 
29 15 7 
43 24 19 
53 26 27 
20 14 6 
16 11 5 
21 | 13 8 
473 | DAT |" 2996 


Number of pears from 


Total. 


411 
472 
388 
507 
114 
547 
519 
220 
286 
159 


3, 623 


trees. 


Wormy./Sound. 


80 331 
78 394 
87 301 
89 418 
21 93 
88 459 
82 437 
52 168. 
66 220 
32 127 
675 | 2,948 


Total number. Per cent— 
Total.| Wormy.|Sound.| Wormy.|Sound. 
499 101 398 21.44 | 79.56 
553 117 436 | ~ 21.16 | 78.84 
464 136 328 29.31 | 70.69 
560 124 436 22.14) 77.86 
136 36 100 26.47 | 73.53 
590 112 478 18.98 | 81.02 
572 108 464 18.88 | 81.12 
240 66 174 27.50 | 72.50 
302 UG 225 25.50 | 74.50 
180 45 135 25.00 | 75.00 
4,096 922 | 3,174 PPL ilalVe. Tee 
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Number of windfallen | Number of pears from 


Total number. 


At 


TaBLE XLIV.—Sound and wormy fruit from 10 trees of Plat V, sprayed July 4, being 
third application as given Plat I (treatments for first-brood worms omitted), pear 
orchard of the Mrs. Fanny W. Bancroft Orchard Co., 1910. 


Per cent— 


pears. trees. 
Tree No. . 
Total. | Wormy. Sound.| Total.| Wormy.|Sound.| Total. | Wormy.|Sound.| Wormy.|Sound. 
letee aa aaa 87 78 9 109 89 20 196 167 29 85. 20 14. 80 
Pi ie Aaa ae aR 139 132 is 134 112 22 273 244 29 89. 38 10. 62 
She cote ee areas | 85 80 15) 79 59 20 164 139 25 84. 76 15. 24 
Ararat Sas ead 91 84 o 66 56 10 157 140 17 89.17 10. 83 
Payee te een 128 116 12 132 116 16 260 232 28 89. 23 10. 77- 
eS SUE eres 112 108 4 102 94 8 214 202 12 94. 40 5. 60 
(ee ee 229 218 11 263 198 65 492 416 76 84. 55 15. 45 
(rN a os Ora rran eae 83 82 1 97 83 14 180 165 15 91. 67 8. 33 
eee Sane ky 28 90 83 7 104 89 15 194 172 22 88. 66 11.34 
OS ee eect 46 4l 5 (7 58 14 118 99 19 83. 89 16.11 
Total, trees | 
LO eee) | 1,090 1,022 68 | 1,158 954 204 | 2,248) . 1,976 272 87.50 12.10 
Taste XLV.—Sound and wormy fruit from 10 trees in Plat VI, unsprayed check, pear 
orchard of the Mrs. Fanny W. Bancroft Orchard Co., 1910. 
Number of windfallen | Number of pears from 
pears. Hae! Total number. Per cent— 
Tree No. 
Total. | Wormy.|Sound.| Total. | Wormy.|Sound.| Total. | Wormy.|Sound.| Wormy.|Sound. 
1 ee cet ae hl ei he 208 192 16 158 153 5 | 366 345 PAL 94. 26 5. 74 
Dis eae ae, eit 122 119 3 95 91 4 217 210 7 96. 77 3. 23 
A eh aS ee 194 181 13 136 134 yy 330 315 15 95. 45 4.55 
EN Da 148 139 9 126 119 G 274 258 16 94.16 5. 84 
Et Yost ses Fo 100 95 5 &4 84 0 184 179 5 97. 82 2.18 
Oss See seeCeeee 148 119 29 54 52 2 202 171 31 84. 65 15. 35 
TSS a 63 58 5 103 95 8 166 153 13 92.17 7.83 
| Oe eee peee 114 105 9 103 97 6 217 202 15 93. 09 6. 91 
| Os Se ey Saeaee 127 119 8 139 134 5 266 253 13 95.11 4. 89 
TEC 3 Sls ee Ucar NPY 118 7) 78 75 3 205 193 12 94.14 5. 86 
Total, trees 
: Hester 2523 1,351 1,245 106 | 1,076 1,034 42 | 2,427 2,279 148 93. 90 6. 10 
| 


Tree No. 


Total, trees 
1-10 


pears. 
Total. | Wormy. 
22 15 
14 6 
19 10 
45 21 
19 7 
21 9 
88 27 
34 20 
12 6 
18 5 
292 126 


trees. 


Number of windfallen | Number of pears from 


TasLE XLVI.—Sound and wormy fruit from 10 trees of Plat VII, sprayed Apr. 9, being 
jirst application as gwen Plat I, pear orchard of the Mrs. Fanny W. Bancroft 
Orchard Co., 1910. 


Per cent— 


Wormy.|Sound. | 


Sound.| Total. | Wormy. |Sound. 
Th 105) 26 
g 97 32 
g 200 88 
24 191 54 
1, 182 52 
12 328 116 
61 364 75 
14 166 42 

6 121 45 
13 112 37 
166 | 1,836 567 


Total number. 
Total. | Wormy. |Sound.) 
97 41 56 
111 38 73 
219 98 121 
236 75 161 
201 59 142 
349 125 224 
452 102 35 
200 62 138 
133 51 §2 
130 42 88 
) 
2,128 693 | 1,435 | 


42.27 | 57.73 
34.23 | 65.77 
44.75 | 55.25 
31.7 68. 22 
29.35 | 70.65 
35.82 | 64.18 
22.57 | 77.43 
31.00 | 69.00 
38.35 | 61.65 
32.31 | 67.69 
32.57 | 67.43 
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Tas_e XLVII.—Sound and wormy fruit from 10 trees of Plat VIII, sprayed May 2, being 
Son Pen as given Plat I, pear orchard of the Mrs. Fanny W. Bancroft Or- 
chard Co., 1910. 


| Number of windfallen | Number of pears from | | 


pears. Ase Total number. Per cent— 
Tree No. 
| | | | 
Total. |Wormy. Sound.) Total. |Wormy. Sound. Total. Ree Sound. Wormy. Sound. 
| 
(Noten ole 1 5{ el] 19 1o= Ao} G7 20|  47| 29.84] 70.16 
Dae SS Us cree 53 31 22 149 | 70 79 202 101 101 50.60} 59.00 
3 fe dice tes 33 10 23 203 42 161 236 52 184 22. 03 77.97 
5 a Se eee ee as 29 15 324 116 208 368 145 223 39.40 | 60.60 
es ee Ree Aree 54 21 53 100 29 71 154 50 104 32.47 | 67.53 
Died Seber aes 140 82 38 624 119 005 764 201 563 26. 31 73. 69 
Tp eee ae 33 20 13 168 a3} 115 201 73 128 | 36.32 | 63.68 
Seaeee a ae 36 19 17 158 39 119 194 58 136} 29.90} 70.10 
Oe eect ag 70 28 42 302 64 238 372 92 2800). 24573 e 15 oa 
Lea ee Ses 45 19 | 26 208 46 162 253 | 65 188 | 25.69 | 74.31 
Total, trees | 
110 eee 514 | 260} 254 | 2,297 | 597 | 1,706 | 2,811 | 857 | 1,954 30.49 | 69.51 | 


The fruit from the unsprayed block Plat VI (Table XLV) was 
93.90 per cent wormy, while that from the demonstration block, 
Plat I (Table XL), sprayed three times, was only 4.03 per cent 
wormy, showing a gain of 89.87 per cent sound fruit for the three 
sprayings. Plat II (Table XLI), sprayed twice, both times for the 
first-brood worms, showed 10.69 per cent wormy, representing a gain 
in sound fruit of 83.21 per cent for two sprayings put on in time to 
catch the first-brood worms. Plat III (Table XLII), which was also 
sprayed twice, these being the first and last applications as given 
Plat I, the accessory treatment for the first brood being omitted, 
showed 20.43 per cent wormy fruit, showing a gain of 73.47 per cent 
sound fruit for the two sprayings. This gain, however, is 10.74 per cent 
less than was the case where both sprayings were put on in time for 
the first-brood worms. Plat IV (Table XLIII) received the second 
and third applications as given Plat I, the first spraying being omitted. 
The results showed 22.51 per cent of the fruit to be wormy, which is 
a gain of 70.39 per cent over the check plat, but is 11.82 per cent 
less than the gain on Plat II, where the two applications were put on 
early. The other plats, which received only one application, ran too 
high in wormy fruit to be considered at allfrom a commercial viewpoint. 
Thus, Plat VII (Table XLVI), which received only the first applica- 
tion, showed 32.57 per cent wormy and 67.43 per cent sound,. while 
Plat VIII (Table XLVII), which received only the second application, 
had 30.49 per cent wormy and 69.51 per cent sound. Plat V (Table 
XLIV), which received only the last application, was little better 
than the check, having 87.90 per cent of the fruit wormy and only 
12.10 per cent sound. 
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PROFITS. 


From the 10 trees of Plat I, 2,768 pears free from worms, or 18.45 


_ boxes, were picked, which at the average net price of 80 cents per 


box gives $14.76, or $1.47 per tree, which represents about $147.60 


per acre. To this should be added $5.60 which represents the value 
per acre of the windfalls and wormy fruit from the trees of Plat I, 


giving a total of $153.20. 
The 10 trees in Plat VI, the unsprayed check, yielded only 42 
pears, or 0.28 box free from worms at picking time. ‘This at 80 cents 


| per box gives 22 cents for the 10 trees, or approximately $2.20 per 
| acre. There were, after July 15, 1,032 windfalls and wormy pears 
_ picked from the trees, which represent a cash value of $4.52 for the 


10 trees, or $45.20 per acre, giving a total return of $47.40 per acre 
for the fruit from the unsprayed portion. Subtracting this from the 
value of the crop per acre of Plat I gives a difference of about $100 


in favor of spraying. Substracting from this $6.50, the cost of spray- 
_ ing per acre, gives $93.50 net gain per acre due to spraying. 


EXPERIMENTS IN SOLANO County, 1910. 


A large pear orchard belonging to Mr. G. W. Langdon and located 


| near the upper end of Suisun Valley at Suisun, Cal., consists of very 


old and large trees, and in recent years a very small portion of the 
fruit has been merchantable in the green state, due to the high infes- 
tation by the codling moth. The larger part of the orchard was 
sprayed three times. Three other blocks of about 70 trees each were 
used to test the relative value of the first and third applications and 
the second and third applications with the plat receiving the three 
applications and one of the plats was left unsprayed for check and 


comparison. The results showing sound and wormy fruit from each 


plat are given in Tables XLVIII to LI. 


TaBLE XLVIII.—Sound and wormy fruit from 10 trees of Plat I, sprayed three times, 
pear orchard of Mr. G. W. Langdon, Suisun, Cal., 1910. 


Number of windfallen | Number of pears from : sie 
pears. Teese Total number. Per cent— 
Tree No. 
| Total.) Wormy. |Sound.| Total.) Wormy. |Sound.) Total.|Wormy. |Sound.|Wormy. |Sound. 
ere as 143 19 124 962 36 926 | 1,105 55 | 1,050 4.98 | 95.02 
A= San 97 8 89 599 15 584 696 23 673 3.30 | 96.70 
35 eC UE Tere ML: 6 fi 685 11 674 762 17 745 EPs \) Nile C7 
Aa a ee 37 6 31 422 16 406 459 22 437 4.79 | 95.21 
Doe 110 14 96 666 12 654 776 26 750 3.35 | 96.65 
Ceres estab 101 12 89 553 9 544 654 21 633 3.21 96. 79 
U6 coo 184 22 162 | 1,094 BM Wis il Are 59 |.1,219 4.62 | 95.38 
oh Gb eeas See 103 30 73 A25 39 386 528 69 459 13.07 | 86.93 
UeSp Aes aaa 59 13 46 221 30 191 280 43 237 15.36 | 84. 64 
Oc 35sec see 100 29 71 652 59 593 752 88 664 11.70 | 88.30 
Total, trees | | | 
IOs 1,011 159 852 | 6,279 | 264 | 6,015 | 7.290 423 | 6, 867 5.80 | 94.20 


a0 
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TaBLE XLIX.—Sound and wormy fruit from 10 trees of Plat II, sprayed May 5 
and June 16, being second and third applications as given Plat I, pear orchard of Mr. 
Gow: Langdon, Suisun, Cal., 1910. 


| Number of windfallen | Number of pears from | 


Tree No. | 
Total. 
ee etc 84 
TO ie eae FN 154 
Sat ee | 128 
Zale ae Mee a | 87 
Rese Pete saree | Meee) 
Ge eu seme eee | 283 
(Ne eee e123 
See ee Sa | 0D 
OM ase eee | 51 
LOLS Sock Se 208 
Total, trees | | 
Te Oe secse 1,440 | 


TaBLE L.—Sound and wormy fruit from 10 trees of Plat III, sprayed April 7 and June 


pears. trees. -Total number. = 
| 
l j | l = 
Wwormy. Sound. Total. Wormy. Sound.| Total. Wormy. Sound. Wormy. |Sound. 
| | 
oT P| 355 56 299 439 113 326 25.74 | 74.26 
95 59 | 508 123 385 662 218 | 444 32.93 | 67.07 
72 56 | 665 130 535 793 202 591 25.47 | 74.53. 
bl 36 | 264 52 212 351 103 248 29.34 | 77.66 
77 40 | 482 LOT 375 599 184 415 30. 7. 69. 28 
149 134" |= 632 149 483 915 298 617 32. 57 67. 43 
74 49 | 428 (On|em oo2 dd1 | 150 401 De 22) AZ 
114 91 648 140 508 853 | 254 599 29: 78=| 103227059 
34 17 248 67 181 299 101 198 33.80 | 66.20 
103 105 868 | 139 |. 729 | 1,07€ 242 | 834 22.49 77.51 
826 614 5,098 | 1,039 elas) 6,538 | 1,865 | 4,673 28.52 | 71.48 


| Per cent— 


17, betng first and third applications as given Plat I, pear orchard of Mr. G. W. Lang- 


don, Suisun, 


Tree No. 


1-10 


Number of windfallen | Number of pears from | 
pears. | Pere | Total number. 
| | 
Total.| Wormy. Sound. Total.) Wormy. Sound.) Total. | 
| | eek 
74 25 49 | 439 56s 3835) hts 81 | 432 
49 17 S25 = 31 36-| 341 | 426 53 | 373 
116 140 | ee Dele S42 45 797 | 958 89 | 869 
40 13 27 |= 336 26| 310 | 376 394° 3387 
74 18 56.|_ 533 34| 499] 607 52] 555 
88 43 45 | 503 67 | 436 | 591 110} 481 
127 59 68 | 924 127} 797 | 1,051 186 | 865 
164 44| 110} 608 91 [=> 517 |= 762 135 | 627 
89 41 48 | 595 5215 543 684 93} 591 
54 | 20 341 359 414| S318" | 415 61 | 352 
865 324 | 541 | 5,516 575 ae | 6,381 | 899 5 482 


Cal., 1910. 


Per cent— 


Wormy. Sound. _Wormy. | oan 


15.79 | 84.21 
12.44 | 87.56 
9.29 | 90.71 
10.37 | 89.63 
8.57 | 91.43 
18.44 | 81.56 
17.70 | 82.30 
17.72 |~ $2.98 
13.€0 | 86. 40. 
14.77 | 85.23 
414.09 | 85.91 


TaBLE LI.—Sound and wormy fruit from 10 trees of Plat IV, unsprayed check, pear 


orchard of Mr. 


| N umber of windfallen 


| 


G. W. Langdon, Suisun, Cal., 


Number of pears from 


1910. 


pears. eae Total number. | Per cent— 
Tree No. - | 
| | | | j 
Total.) Worms. Sound, Total. Wormy. Somnd. Total.| Wormy. Sound, Wormy. Sound. 
} | | | 
LS eee F 372 370 2 169 158 11 541 528 | 13° 97.60 2. 40: 
PAA AE Ae CON 203 199 4 120 118 2 323 317 6 98. 14 1. 86. 
Oia fees 433 420 13 151 136 15 584 556 2851 5. Sbeot 4.79 
eet ae ees 178 171 7 239 227 12 417 398 19 95. 44 4. 56 
Ee ae eel 391 386 5 348 326 22 739 712 27 96. 35 3. 65- 
62 ee 255 248 7 246 228 18 501 476 25 | 95:01 4. 99: 
(Se eet 505 496 9 214 195 | 19 719 691 28 96.11 3. 89 
Same esas 195 193 2a ALO 107 | 3 305 300 5 | 98.36 1. 64 
ee eee ae ane 562 533 29 289 | 255 | 34 851 788 | 63} 92:60 7.40 
LOR Sas ee ae 487 | 481 6 474 | 404 70 961 885 | 76 | 92.90 7.10 
Total, trees | =n 
IStOEeEes2 3,581 | 3,497 84 | 2,360 2,154 206 5,941 5, 651 290 |; 95.12 4.8% 


iv sai 
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RESULTS. 


The fruit from the 10 trees of the unsprayed check block was 95.12 
per cent wormy and only 4.88 per cent were free from worms. Plat I 
(Table XLVIIT) was sprayed three times and had only 5.80 per cent: 
wormy fruit, with 94.20 per cent free from worms, giving a difference 
of 88.40 per cent in the amount of fruit free from worms from the two 
plats. Plat IL (Table XLIX), which received the second and third 
applications (with the first spraying omitted, as given Plat I), showed 
28.52 per cent wormy fruit and 71.48 per cent free from worms, 
as against 14.09 per cent wormy fruit and 85.91 per cent fruit free 
from worms for Plat III (Table L), which received the first and 
third applications, with the second spraying as given Plat I. 


SUMMARY AND RECOMMENDATIONS. 


There are practically two full broods of larve in the pear-growing — 
districts of the interior counties of California. Comparatively few 
of the first-brood larve go over the winter. | 

The number of first-brood larve being relatively small, the injury 
is not so noticeable, and many growers overlook the importance of 
destroying this brood of worms to prevent the greater damage by 
the more important second-brood larve, which begin to enter the 
fruit just prior to the first picking. 

The first-brood larve begin entering the fruit about a month after 
most of the petals have fallen, though this time may vary somewhat: 
with the season. All spraying for the first brood should be done 
within three to four weeks after the blossoms are off the trees. Two 
applications for this brood reduced the worms for the season from 
9.62 to 18 per cent lower than the plats sprayed once. 

Two, and preferably three, treatments are advised, using arsenate 
of lead at the rate of 4 pounds to each 100 gallons of water. The 
first application should be made as soon as most of the petals have 
fallen, and especial pains should be taken as nearly as possible to fill 
each calyx cup with the poison. <A tower platform of the type 
shown in Plate III is very advantageous, because at this time many 
buds are pointing upward. The trees should be drenched. The 
second treatment should come three to five weeks after the falling 
of the petals. The third application should be given nine or ten 
weeks after the falling of the blossoms, or about two weeks before 
the first picking begins. If only two treatments can be given, the 
first and second of the above schedule should be given. 
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PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


VINEYARD SPRAYING EXPERIMENTS AGAINST THE ROSE- 
CHAFER IN THE LAKE ERIE VALLEY. 


By FRED JOHNSON, 
Agent and Hexpert. 


INTRODUCTION. 


The rose-chafer (J/acrodactylus subspinosus Fab.), in most of the 
grape-producing sections of the eastern United States, is a vineyard 
pest of long standing. It has been the subject of experimentation. 
by numereus entomologists and horticulturists, who have employed 
against it at some time or other almost every insecticidal substance 
and method of combat in the whole category of insect remedies. In 
spite of all this experimental work, however, there is considerable 
skepticism among both vineyardists and entomologists regarding the 
complete success of poison-spray applications when the beetles are 
present upon the vines in large numbers. The results of vineyard 
experiments against this pest with a poison spray, undertaken by 
the Bureau of Entomology in the Lake Erie Valley during the season 
of 1910, have proved highly encouraging, although by no means final. 
It is intended to verify this work during the coming season in the 
hope that the efficiency of the poison-spray method may be put to the 
severest test. 

Some of the chief factors militating against the obtaining of deci- 
sive comparative data from sprayed and unsprayed portions of vine- 
yards is the irregularity of infestation by the insect. This difficulty 
is increased by the fact that in order to secure best results from 
poison-spray applications it is very desirable that the poison be 
apphed as soon as the first beetles appear in order that their first 
meal may consist of poisoned blossom-buds or foliage. Hence, unless 
one has an intimate knowledge of the direction from which the bee- 
tles invade the vineyard or the portions most heavily infested it is 
exceedingly difficult to lay out plats which will give an accurate 
comparison of the results of a spray treatment. 


MAIG2==B 1], 97-125 53 


54 DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


HABITS OF THE ADULT. 


“About the middle of June, just before the blossom-buds of the 


grape break into full bloom (fig. 16), the adult rose-chafers com- 


mence to appear upon the vines. They at once proceed to attack the 
blossom clusters and injure the unexpanded blossom-buds by cutting 
a hole through the side of the 
bud and eating out or injuring 
the small ovary. (See fig. 17.) 
Since the blossom-buds are quite 
small, a single beetle will destroy 
a large number of blossoms, and 
if the beetles are at all numerous 


destroyed. Sometimes in_ badly 
infested vineyards the blossom 
clusters will be swarming with 
a squirming mass of beetles (fig. 
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Fic. 16.—Condition of the grape blossom- CD =} 
buds at the time the rose-chafer (Wac- ~ G4 CG 


rodactylus subspinosus) first appears, 
and when the first poison spray should 
be applied. Enlarged. (Original.) 


18, #) and the whole cluster will 
be quickly reduced to a frayed 

ue e Fic. 17.—Work of the rose-chafer: a, In- 
and blackened mass of broken Sere ta pEape Wissen pune eee 
and injured blossom-buds. Our of rose-chafer; b, injury to the ovary 
observations lead us to believe resulting in we destzu gion. of the berry. 

Greatly enlarged. (Original.) 

that by far the greater percent- 
age of injury to the grape crop is done previous to the opening of the 
blossom-buds and to a less extent while the grapes are actually in 
bloom and for a few days succeeding the blooming period. (See fig. 
19.) Later, when the injured blossom-buds and berries have dropped, 


almost the entire crop may be 
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a very ragged fruit cluster is the result. (See figs. 20-21.) By the 
time the berries have attained the size of buckshot, or even smaller, 
the danger has practically passed. This danger period covers about 
three weeks, dating from about June 13 to July 5. It is, however, 
from about June 15 to 25 that the beetles appear in maximum num- 
bers in the Lake Erie Valley, swarming into vineyards planted on 
light sandy soil from adjacent and rough sod lands and doing an 
immense amount of damage in a very short period. It is in the 
sandy soils of these pastures and rough sod lands along the lake 
shore that the insect breeds. Detached vineyards with general farm 


/ 
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Fic. 18.—The rose-chafer (Macrodactylus subspinosus): a, Adult or beetle; 6, iarva 5 
c,d, mouthparts of larva; e, pupa; f, injury to leaves and blossoms of grape,-with 
beetles at work. a. 6, e, Much enlarged; c, d, more enlarged; f, slightly reduced. 
(From Marlatt.) 


lands intervening are much more likely to suffer from serious infes- 
tation than where the vineyards are continuous and practically all 
of the soil is under clean cultivation. Thus there is an area in the 
township of North East, Pa., about 2 or 3 miles in length, lying 
parallel with the lake shore, where the soil is of a light gravel-and- 
sand composition, which in former years was badly infested by rose- 
chafers. Within the past few years practically all of the general 
farm lands of this area have been broken up and planted to vine- 
yards. These vineyards are now subject to clean culture, with the 
result that there has been no serious invasion by this pest over this 
area for several seasons. 
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Just beyond this strip of continuous vineyard, however, toward 
Moorheadville, Pa., the vineyards are more scattered and the acreage 
surrounding them is devoted to the more general forage crops, such 
as grass, rye, corn, and other grains, together with considerable areas 
of unbroken pastures and woodlots. These scattered vineyards have 
always been menaced by the invasions of this pest from their adja- 
cent breeding grounds and serious injury has frequently resulted to 
the grape crop. 

The prevalence of the rose-chafer over this latter section has done 
much to discourage the planting of new vineyards, the general im- 
pression being that the insect can not be successfully or economically 
controlled. Handpicking the 
beetles has heretofore been 
the only control method em- 
ployed, and has proved not 
only tedious and expensive, but ° 
only partially effective. It was 
upon vineyards in this “ rose-- 
bug”? infested area along 
the lake shore that the spray- 
ing experiments of the season 
of 1910 were undertaken. 


HABITS OF THE LARVA. 


The larval stage of the in- 
sect (fig. 18, D) is spent under 
ground, usually among the 
roots of grains and grasses. 

The female beetle (fig. 18, a) 

Fic, 10. Work of the rovechater: «, Coster Durrows into the sandy soil 
feeding of rose-chafer; b, berry almosteaten; and deposits her eggs singly ; 
eee ae Sear alge small. in small cells in the sides of 
the burrow. These burrows 

may be from 1 to 6 inches in depth, and the eggs are deposited irregu- 
larly in small cells in the walls of the burrow, the shallowest about one- 
fourth of an inch from the surface, the deepest about 4°inches below. 
The newly hatched larve may exist for some time on decayed vege- 
tation in the soil, but they soon attack the roots of grasses and other 
plants, and are seldom found in large numbers in soil receiving 
clean culture. They are, however, quite common in ill-kept sod- 
covered vineyards, and in digging about the roots of grapevines for 
other insects single specimens of rose-chafer larvee are found occa- 


1A loca] name for the rose-chafer (Macrodactylus subspinosus Fab.). 
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sionally in well-tilled vineyards, although never in sufficient num- 
bers to become a menace to the grape crop. The larve usually at- 
tain their full growth by late fall and at the approach of cold 
weather burrow down below the frost line, returning, in the follow- 
ing spring, to near the surface of the soil, where they make earthen 
cells, in which they transform to pupe (fig. 18, ¢) and then to the 


Fic. 20.—Grape cluster showing almost total destruction of 
berries through feeding of rose-chafer. (Original.) 


adult beetles. These beetles emerge just before the blossom clusters 
of grapes are ready to break into full bloom. 
REMEDIAL MEASURES. 
HANDPICKING THE BEETLES. 
The practice most commonly employed for the control of this pest 


in the past has been to handpick the beetles when they appear upon 
the vines. Since they are quite sluggish and cling somewhat tena- 


58 DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


ciously to the blossom clusters large numbers of them can be destroyed 
in this manner. This method of control, however, necessitates that 
they be collected daily for a period of two or three weeks or as long 
as they are at all numerous. Where large areas are to be covered. 
handpicking becomes expensive and involves a great deal of time, and 


Fie, 21.—Grape cluster from which berries injured by rose- 
chafer have fallen. (Original.) 


in addition to this many of the beetles are not removed from the vines 
until they have accomplished more or less injury. 


SPRAYING WITH ARSENICALS. 


Since the spraying of grapevines for other insect pests, such as the 
grape rootworm and the grape-berry moth, has been shown to be 
effective and has become a common practice, increased effort has been 
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made to control the rose-chafer by the same means and more or less 
experimentation along this line has taken place. 

Cage experiments with arsenical poisons against the beetles seemed 
to indicate that a large amount of arsenic was necessary to kill them. 
At a date previous to the general use of arsenate of lead heavy apph- 
cations of arsenicals in some instances resulted in serious injury to 
the foliage of grapevines. This injury was caused by heavy appli- 
eations of London purple, Paris green, and arsenite of lime, which 
are some of the more caustic forms of arsenicals. With the placing 
upon the market of reliable and properly-made brands of arsenate of 
lead, however, an arsenical is now available which can be used in 
large amounts without injury to the foliage of the vine. Hence there 
is now practically no danger of injury by arsenical burning, and in 
addition to this the arsenate of lead has a much greater adhesive 
quality than the other arsenicals previously mentioned, thus render- 
ing its poisoning effect of longer duration. 

In the field experiments against this pest during the past season, 
arsenate of lead was used in combination with Bordeaux mixture and 
in most instances at a strength of 5 pounds of arsenate of lead to 50 
gallons of the spray liquid. 

Experiments were undertaken in three vineyards covering 4 acres 
of grapevines on the farm of Page Bros., at North East, Pa., 4 acres 
on a vineyard owned by the Prospect Park Fruit Farms Co., and 3 


‘acres on the farm of Mr. C. F. Hirt. Since this pest breeds outside 


the vineyards it is well-nigh impossible to predict, beforehand, either 
the extent of the infestation or the portions of the vineyard most 
likely to be infested, although the latter condition may be deter- 
mined to some extent. by close observations of local conditions over 
several seasons, and since it is desirable that the first feeding of 
the invading beetles shall be upon poisoned blossom-buds and fohage 
this necessitates the application of the first spray on or about the time 
the first beetles appear. Thus at the time of selecting a vineyard for 
experimental work the extent of infestation likely to occur during the 
season is quite problematical. The only thing to be done is to select 
vineyards reputed to suffer annually from invasions by this pest. In 
two of the experiments, those in the vineyard of Page Bros. and of 
Mr. C. F. Hirt, the first application was made before the grape 
blossom-buds had opened and before the beetles appeared. 
The plat arrangement in the Page vineyard was as follows: 


—— 


| 
Rows. Bordeaux mixture. Oe Molasses. Water. 
| Pounds 
So le tme eau OUMOSEe sens ae ce i as crise eben oes oe Onl elcallonseeeesecer 59 gallons. 
12 | Lime, 3 pounds; copper sulphate, 3 pounds....-..- ih) sleeves See soe ce 50 gallons. 
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16 | Lime, 3 pounds; copper sulphate, 3 pounds......_- | Da INC Kee see gene. 50 gallons. 
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Two applications were made; the first on June 17, before the bee- 
tles appeared, and the second on June 23. Infestation on the vine- 
yard proved to be rather light, and only on the ends of the rows on 
the west side of the vineyards which adjoined lands given over to 
the production of grain crops were the beetles at all numerous. 
Hence there was not a very marked difference between the amount of 
injury on the sprayed and the check plats, with the exception of a 
few vines on the ends of the rows where the infestation was heaviest. 
Here the clusters on the untreated vines were quite ragged as a result 
of injury by the beetles, whereas upon the treated rows no injury 
was apparent. In previous years it had always been the custom of 
the owners of this vineyard to handpick the beetles. This season 
no,handpicking was done. Ona near-by vineyard on the same farm, 
however, where handpicking alone was depended upon, the injury 
by the beetles was much more in evidence, and the owners were very 
sorry that they did not resort to arsenical spraying instead of hand- 
picking, and have expressed their intention to rely upon spraying as 
a means of rose-chafer control in the future. 

The vineyard of Mr. C. F. Hirt, in which another experiment was 
undertaken, is located on sandy soil on the banks of Lake Erie. It is 
entirely isolated from other vineyards and is adjacent to pastures 
and general farm lands, and has the reputation of being one of the 
worst infested vineyards in this rose-chafer infested area. Several 
years ago the vineyard was practically abandoned on account of the 
injury done by the rose-chafer. During the past three or four years, 
however, efforts have been made to control the pest in this vineyard 
by handpicking; yet in spite of this, beetles wrought considerable 
injury to the crop. At the opening of the past season the owner 
was prevailed on to try out the poison-spray method as a means of 
control, with the understanding that no handpicking was to be done. 
Accordingly the vineyard, which consists of about 3 acres, was treated 
in the following manner: 
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Rows. Bordeaux mixture. | eae Molasses. Water. 
| Pounds. 
10 | Lime, 3 pounds; copper sulphate, 3 pounds...-.-.-. | 35) SINONeG2 Aes 50 gallons.  _ 
6 | Lime, 3 pounds; copper sulphate, 3 pounds.-...-- | 3a slscallone= sees 49 gallons. 
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Three spray applications were made, the first on June 8, before 
the blossom-buds had opened (see fig. 16) and before any beetles 
appeared. The object of this application was to thoroughly ceat all 
of the blossom-buds and the new growth of foliage, which was com- 
paratively easy at this date, as the grapevines had not as yet made a 
very luxuriant growth. The second application was made June 17, 
when the first beetles appeared upon the vines, and a third on June 
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(ORIGINAL. ) 


THE PROTECTION AFFORDED BY SPRAYING; VINE FROM ROW ADJOINING THE UNSPRAYED VINE SHOWN IN PLATE IV. 
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PLATE V!. 


INJURY BY ROSE-CHAFER TO FRUIT ON UNSPRAYED VINE IN THE VINEYARD OF MR. GEORGE Cook, AT NORTH EAST, PA. 


(ORIGINAL. ) 


PLATE VII. 
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24, which was about the height of the rose-chafer season in that 
vicinity. 

At no time during the active season did the writer’s visits reveal a 
heavy infestation of beetles upon this vineyard, although the beetles 
were rather numerous between the dates of June 17 and July 5 in 
adjoining pasture lands and upon the sumacs growing along the 
edges of the vineyard. Unfortunately, the check rows ran through 
that portion of the vineyard which proved to be least infested by 
the beetles and but slight injury was evident upon them. Portions 
of two rows on the worst infested side of the vineyard, however, 
were left unsprayed, and on these untreated vines the crop was prac- 
tically ruined. Plates IV and V show the fruit clusters on un- 
treated and treated vines in this vineyard from adjoining rows in the 
worst infested portion of the vineyard. 

The result in crop yield for the whole vineyard, which comprises 
an area of about 38 acres, was far in excess of the yield for preceding 
years when the handpicking method of control had been employed. 
The owner stated that in the three preceding years the total annual 
yield had not exceeded 3 tons of fruit, whereas in the season of 
1910, when the average vineyard yield for the grape belt was notably 
short, this vineyard yielded 5? tons, an increase over preceding years 
of 23 tons. 

The spray applications were made with a gasoline-engine vineyard 
sprayer, using stationary nozzles and carrying a pressure of about 
125 pounds, and applying about 100 gallons of liquid per acre. 

Only one application was made on the vineyard of the Prospect 
Park Fruit Farms Co., on their farm located near the vineyard of 
Page Bros., at North East, Pa. This spray consisted of the Bordeaux 
mixture made from 3 pounds of lime and 3 pounds of copper sul- 
phate, 5 pounds of arsenate of lead, and 50 gallons of water, and 
was made June 21, after some injury had been done by the beetles. 
On account of this injury preceding the spray application it was 
not expected that the results obtained would be worth recording. 
Yet as the season advanced the crop of fruit in this vineyard showed 
a great improvement over that produced in an adjoining untreated 
vineyard only a few rods distant. Plates VI and VII show vines 
taken at random from these two vineyards. In the former instance 
the crop scarcely paid for harvesting; from the latter crop a very 
good profit was secured. 3 

Still other indications of the value of arsenical sprays in the con- 
trol of the rose-chafer have been observed. On the farm of Dr. R. 
Kelly, at Moorheadville, Pa., is a vineyard which for many years 
had been badly injured by rose-chafers, and in which handpicking 
the beetles had been only a partially successful means of control. 
Three seasons ago at the suggestion of the writer the owner resorted 
to the arsenical-spray method of control, using 5 pounds of arsenate 
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of lead to 50 gallons of Bordeaux mixture. The first application 
was made before the blossom-buds opened, and two later applica- 
tions were made, applying them at the time of appearance of the 
beetles in injurious numbers. This method of control has been con- 
ducted in this vineyard for three consecutive seasons, and the owner 
states that he is satisfied with the results that he has obtained and 
considers it far more effective and less expensive than the hand- 
picking method of control. 

Located at Girard, Pa., is a vineyard of 40 acres, under the manage- 
ment of Mr. M. C. Kibler, which is subject to the attacks of rose- 
chafers every season. This vineyard was visited on June 23, 1910, 
at which date about 20 women and girls were engaged in handpick- 
ing the beetles from the entire area. The whole vineyard had been 
gone over daily in this manner for a week previous to our visit, yet 
there was evidence of considerable injury by the beetles. At this 
date Mr. George F. Miles, of the Bureau of Plant Industry, was 
making Bordeaux-mixture applications on several acres for control 
of the black-rot fungus. Five pounds of arsenate of lead were added 
to the Bordeaux mixture applied to this area. When the party of 
women who were handpicking the rose-chafers did the collecting 
over the sprayed area on the following day, they found only a small 
number of beetles there as compared with the number found en the 
unsprayed parts of the vineyard. 


THE USE OF SWEETENED ARSENICALS. 


In the summer of 1907 it was reported that an arsenical spray that 
had been sweetened with cheap molasses had proved effective in 
poisoning the rose-chafer in the vineyards in Michigan. In Septem- 
ber of that year the writer visited Mr. Frank Stainton, at Lawton, 
Mich., who was reported to have used this sweetened arsenical. In 
conversation with Mr. Stainton it was discovered that this sweetened — 
arsenical was a proprietary mixture made by a local doctor. Mr. 
Stainton stated that he received a sample of it rather late in the 
season and applied some of it to rosebushes infested by the rose- 
chafer. The beetles appeared to be attracted to the sweetened poison, 
eating it in apparent preference to the flowers of the plant, and died 
shortly after. Upon analysis this sweetened arsenical was found to 
consist of arsenite of lime and molasses. Mr. Stainton expressed his 
intention to use sweetened arsenite of lime against the rose-chafer in 
his vineyards during the season of 1908. In the spray experiments - 
conducted in the vineyard of Dr. R. Kelly, at Moorheadville, Pa., in 
1908, against the rose-chafer, 1 gallon of molasses was added to 50 
gallons of Bordeaux containing arsenite of lime made according to 
Kedzie’s formula (4 ounces of white arsenic to 50 gallons of the 
above-mentioned sweetened mixture). One gallon of molasses was 
also added to Bordeaux mixture and arsenate of lead, and in addi- 
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tion to this a third plat was sprayed with arsenate of lead and Bor- 
deaux containing no molasses. In this work it was not possible to 
detect that the beetles exhibited a greater preference for the foliage 
or blossom clusters sprayed with the sweetened arsenical, nor was 
there evidence of a greater benefit from rose-chafer protection on the 
plats sprayed with the sweetened arsenicals as against the plat 
sprayed with the unsweetened arsenical. Where the arsenite of lime 
was applied there was evidence of a slight burning of the tender 
foliage, which was not apparent where the arsenate of lead was used. 
During the seasons of 1909 and 1910 the writer used, on adjoining 
plats, molasses and arsenate of lead with the Bordeaux mixture, 
and also arsenate of lead unsweetened and Bordeaux mixture, em- 
ploying in both cases 5 pounds of arsenate of lead to 50 gallons of 
the mixture. In none of these experiments was there detected any 
decided benefit from the presence of the molasses. Reports are per- 
sistently circulated that good results have been secured by the addi- 
tion of some sweetening substance, either molasses or glucose, and 
since the rose-chafers feed upon the flowers and nectaries of grapes 
and other fruits it is reasonable to suppose that the presence of a 
sweetened substance in the spray would attract them. The increased 
expense of the molasses is but slight, and it is suggested that the 
vineyardist using arsenicals in combating the rose-chafer employ a 
sweetened arsenical on a portion of his vineyard and compare results 
with a portion treated with an unsweetened arsenical. Until more 
data is at hand on this subject the writer, while not wishing to dis- 
courage the use of a sweetened arsenical against the rose-chafer, feels 
that the results which have come directly under his observation do 
not appear to justify the recommendation of its general use. 


TIME TO MAKE THE SPRAY APPLICATIONS. 


In regard to the cost of spray application for the control of this 
pest, it should be pointed out that the entire cost should not be 
charged to rose-chafer control, since it 1s highly desirable that a 
spray apphcation be made before the blossom-buds expand against 
the grape-berry moth (Polychrosis viteana Fab.), and also for 
fungous diseases. The later spraying just after blossoming is also 
necessary against the grape rootworm (/’idia viticida Walsh). No 
additional spray applications were made on the vineyard of Mr. F. C. 
Hirt after June 24. Yet there was practically no evidence of feeding 
by the beetles of the grape rootworm on the treated portion of the 
vineyard, nor was there any evidence of mildew on these vines, 
whereas on the untreated check rows there was a large amount of 
feeding by the grape rootworm beetles, and the clusters of fruit were 
also very badly mildewed. Hence the evidence secured during the 

past season indicates that if vineyardists, in regions where the rose- 
-chafers commonly oceur in injurious numbers, will resort to a thor- 


ap 
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ough spray application with arsenate of lead and Bordeaux mixture 
before the blossom-buds of the grape expand (fig. 16), and once or 
twice during the period when the rose-chafers are most numerous. 
they can not only prevent serious injury to the crop by this pest. but 
also control the depredations of several other chewing insects. 


CLEANING UP BREEDING PLACES. 


In addition to spraying as a means of control for this pest, much 
good can be done by breaking up pastures and rough sod lands adja- 
cent to vineyards in infested areas. An illustration of this method 
of control was observed during the past season. In the early sum- 
mer of 1909 a field of 30 acres of pasture land on the farm of Mr. 
R. McBroon, at North East, Pa., which is located in the rose-chafer- 
infested area along the lake shore, was broken up and planted to | 
vineyard. Large numbers of larve and pupe were found in the 
sod at the time of plowing. During the summer of 1909, after the 
vines were planted, the soil was subject to clean culture. During 
the summer of 1910 numerous examinations of the soil were made in 
this vineyard in search of larve and pup, but none was found. 
Yet in the sod lands adjacent to this vineyard the beetles and larvee 
were as numerous as in previous years. Unfortunately, it frequently 
happens that rough land and pastures adjacent to vineyards are not 
controlled by the owners of infested vineyards. When such condi- 
tions exist it is necessary to resort to direct methods of control, and 
observations covering several seasons indicate that thorough spray 
applications with arsenate of lead will prove an effective means of 
controlling the rose-chafer in infested vineyards. 


SUMMARY. 


On account of the limited areas of infestation in any particular 
vineyard section the rose-chafer has not received the consideration it. 
deserves as a destructive vineyard pest. In the aggregate its injuries 
to the grape crop in the grape-producing areas of the United States 
are very large, and it is hoped that the experimental work now in 
progress will lead to the adoption of more effective means of con- 
trol. Since it has become the practice to spray grapevines for the 
grape-berry moth (Polychrosis viteana), and also for fungous dis- 


eases at the same time that the adult rose-chafers attack the blossom- _ 


buds, every effort should be made by vineyardists to combat this pest 
at the same time. The experiments conducted by this bureau during 
the past season indicate that a very thorough application of arsenate 
of lead when the beetles appear, just before the blossoms open, will 
reduce its destructiveness to the extent that a profitable crop of fruit 
can be secured even in vineyard areas where this insect pest abounds 
in destructive numbers. 
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THE CALIFORNIA PEACH BORER.! 


(Sanninoidea opalescens Hy. Edw.) 


By Dup.ey MoutrTon, 
Formerly Special Agent. 


INTRODUCTION. 


The California peach borer (Sanninoidea opalescens Hy. Edw.; fig. 
22) has been the subject of investigation by the Bureau of Entomology 
since the summer of 1907. The writer, however, had observed its 
habits and the various methods used in its control for several years 
previous to that time and vividly recalls spending many hours in his 
father’s orchard digging “‘borers”’ from the treesand later applying 
the protective washes. As a boy he was taught that this practice 
Was quite as necessary in the general scheme of orchard treatment 
as was pruning or cultivating. This insect has been a menace to 
fruit growers in the Santa Clara Valley from the very beginning of 
the fruit-growing industry and the constant care and the disagreeable 
labor which accompanies the digging of the borers has led many 
orchardists to become intimately well acquainted with it in the larval 
or borer condition. (See Pl. VIII.) Many men of their own accord 
have experimented with various methods of control. Orchardists 
seldom recognize the adult moths and know little about their habits, 
although they know the larval stage so well. 

The California peach borer derives its common name from its close 
relationship to the peach borer of the East (Sanninoidea exitiosa Say), 
and from the fact that it is primarily an enemy of the peach and 
other closely related plants. Systematically, the species is closely 
related to the eastern peach borer, and it is difficult to distinguish 
the two species by comparing the larval stages alone. The female 
moth of the eastern form, however, is readily distinguished from the 
moth of the western species by the presence of conspicuous orange 


1 The present paper gives the results of observations on the California peach borer made by Mr. Moulton. 
while engaged in deciduous fruit insect investigations in the Bureau of Entomology and located at San 
Jose, Cal. 
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bands extending across the fourth and fifth abdominal segments, 
these bands not being present in the western form. The eastern | 
insect has been known as an enemy to peach trees in the Eastern © 
States for almost 200 years, as is evidenced by the numerous accounts ° 
which have appeared in horticultural and entomological journals. — 
It is distributed throughout the eastern and middle-western peach- — 
erowing sections and undoubtedly has been introduced into Cali- — 
fornia on nursery stock, although it does not yet seem to have © 
become established there. The California and eastern borers choose 
similar food plants and attack and injure trees in the same ways, 
and the methods of control are therefore similar. The California 
borer is apparently a western American form exclusively and a 
native of the Western States. It is considered a serious pest only 
in limited areas in the San Francisco Bay district. 

The writer endeavors to discuss in this paper what is known of the 
distribution of the California peach borer, its life history, its food 
plants, its parasites, and the best known artificial measures of con- 
trol. He wishes to express his thanks to those of his associates, 
Messrs. Charles T. Paine and P. R. Jones, who have at different 
times helped in making the life-history records, and to various orchard- 
ists who have furnished trees for the purpose of experiments and who 
have helped to make the work practical. 


DISTRIBUTION AND FOOD PLANTS. 


DISTRIBUTION. 


The California peach borer has been known to entomologists since 
1881, when Henry Edwards collected a few specimens and described 
the species as d’gerva opalescens,' and since then it has been known 
variously as Sanninoidea opalescens and S. pacifica Riley. In his 
first account of the insect, Henry Edwards told of having collected | 
three male specimens in Virginia City, Nev., and he also had one 
type female, which had been collected- by Morrison and was listed 
from Colorado. Later, Beutenmiiller gave, as the habitat of the 
species, Oregon, California, and Nevada. Mr. F. X. Willams, for- 
merly of the California State Commission of Horticulture, has col- 
lected one specimen at Donner Lake, Nevada County, Cal., at an 
elevation of 6,000 feet. He has also collected many specimens in 
flight near Castello, in Shasta County, at an elevation of 2,000 feet. 
Other collectors of Lepidoptera have also taken it in these same 
mountainous sections of California. The insect is known as a pest 
only in the Santa Clara Valley and in Alameda and San Mateo 
Counties, whose areas lie close around the southern arm of San 
Francisco Bay. 


1 See description, p. 78. 
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NATIVE FOOD PLANTS. 


Mr. J. G. Grundell, who has been a resident in the mountains 
above Alma, Santa Clara County, since 1894, has many times 
collected moths on the wing in the foothills lymg above the Santa 
Clara Valley, and he has furnished the only positive record of the 
rearing of this species from any native plants. Mr. Grundell was 
at one time experimenting in his little mountain orchard with 
cuttings of the western chokecherry (Cerasus demissa) as a native 
erafting stock for cultivated fruit varieties. This plant suckers 
readily and these suckers were cut and planted to be used as stocks 
for grafting. Mr. Grundell, by keeping such cuttings as became 
naturally infested confined in jars, was able at many times to rear 
adult moths of the California peach borer. The western choke- 
cherry is indigenous to the Sierra Nevada Mountains, middle North 
Coast Range (Napa Mountains), Oakland Hills, Mount Hamilton 
‘Range, and the Santa Cruz Mountains, and it is undoubtedly one of 
the common native food plants of this insect. 


HISTORY OF FRUIT GROWING IN THE SANTA CLARA VALLEY. 


Mr. Grundell says that he has never collected or found the moths 
in flight in deep woods, but that they seem rather to seek the open 
or bushy country. He states also that the insect was most easily 
collected in the hills immediately at the edge of the Santa Clara Valley, 
and it was here, in the adjoining valley, that the insect first became 
injurious. The lower foothills and the upper western areas of the 
Santa Clara Valley were at one time covered with a dense growth 
of underbrush, which included especially the western chokecherry. 
Beginning about the year 1880 this land was gradually cleared and 
planted to orchards. Thus the cultivated varieties displaced some 
of the insect’s native food plants in its native habitat. It was there- 
fore natural for the insect to adapt itself to those cultivated plants 
which were closely related to the native varieties, and to extend its 
habitat into the open and adjoining country. The soil and climate 
are here especially well adapted to the growing of deciduous fruits, 
such as peaches, apricots, cherries, and plums, and the entire valley is 
now practically one continuous orchard. The insect attacks all of these 
species quite freely and here finds ideal conditions in which to live. 


LIMITS OF AREAS IN WHICH INJURY OCCURS. 


The writer can not understand why an insect which is so widely 
distributed throughout the western coast States should be so local 
in its injury in cultivated orchards. The Santa Clara Valley, the 
areas on either side of San Francisco Bay in Alameda and San Mateo 
Counties, and small areas near Watsonville, Santa Clara County, are 
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the only places where the peach borer has become a pest. Other | 


peach, apricot, and plum sections in the Napa, Sonoma, Suisun, and 
San Joaquin Valleys and on the western slopes of the Sierra Nevada 
~ Mountains are not troubled at all. 


VARIETIES OF CULTIVATED FRUITS ATTACKED; RESISTANT BUDDING 
AND GRAFTING STOCKS, SOIL CONDITIONS AS BEARING ON INFESTA- 
TION. 


The peach borer is eminently a root-boring pest, and two factors, _ 


therefore—the kind of root stocks upon which the trees are growing, 


and the nature of the soil—determine largely the amount of damage ‘ | 
that the borers will inflict. Peach and apricot stocks are most sus- — 


ceptible to attack, although almond, cherry, apple, and native plums 


are less so; and the wild plum, known as the Myrobalan or cherry 


plum (Prunus cerasifera) is almost entirely exempt. Myrobalan 
plum seedlings are imported in great quantities from Europe and they 
are now recognized as one of the best stocks upon which to graft 
domestic plums. This stock is especially susceptible to attack only 
when a tree has been weakened by some cause such as a lack of water 


or cultivation or when it has been partly lailled by “gophers” or other | 


rodents. Almond stocks are more or less resistant if planted in soils 
suitable to their growth. Borers appear to attack trees more readily 
when they are planted in soils of a ight sandy or gravelly texture. 
The writer does not believe that newly hatched larve can reach 
the lower crowns or roots more easily in light than in the heavy soils 
of loam or clay; it appears, rather, that the trees themselves are not 
so strong and are therefore not so resistant. 


DESCRIPTIONS, SEASONAL HISTORY, AND HABITS. 


THE EGG. 
DESCRIPTION. 


The egg of the California peach borer measures approximately 
0.72 mm. in length and 0.44 mm. in width. It is flattened and 
depressed on the sides and is depressed at one end. The eggs are 
chestnut to dark-brown in color and when magnified the outer surface 
has a stippled and mosaic appearance. The sculpturing so character- 


istic of the eggs of the eastern peach borer? is also apparent on the A 


eges of the California peach borer (Sanninoidea opalescens). 


DEVELOPMENT AND HATCHING. 


The writer was able to make constant and daily observations on 
oviposition by moths which were confined in out-of-door rearing 
cages built over small apricot and peach trees in the back yard of the 


1 Bul. 176, Cornell Agr. Exp. Sta., p. 180. 
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Bul. 97, Part IV, Bureau of Entomology, U. S. Dept. of Agriculture. 


PLATE VIII. 


APRICOT ORCHARD, SHOWING TREES INJURED AND KILLED BY THE 


THE CALIFORNIA PEACH BORER (SANNINOIDEA OPALESCENS). 


(ORIGINAL.) 


BORER. 
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insectary, and to note the development of the eggs. (See. Pl. IX.) 
Oviposition under these conditions was more or less unnatural, but the 
eggs thus placed developed under perfectly normal conditions. The 
period from oviposition to the time of hatching, as indicated in 
Table I, lasted from 11 to 19 days, with an average of 14 days. There 
were several hundred eggs in each lot. 


Taste I.—Length of egg stage of the California peach borer (Sanninoidea ovalescens). 


| 
Lot No. | Date eggs placed. | Date eggs hatched. See of 
{ 
Dee ee JuilygS=9 eee Juliye 2285522 ee eee 19 
DN Se Juliet Saas soe soe Jiulyao lee aaa ae 13 
Ge Meee Nualive2OS ae eee BANU Oe ybiaimis steno oe 14 
Ae eras = Juiliye2S 22a ae SAND ein ee Aen es sie 11 to 14 
serene ip ea yep sates Clperctocaeeane Nii BU) oo an eee e 1133 Woy: 116) 
Guesan as July; 23=24e ne INTENT ao aa ears 14 to 15 


In escaping, the larva breaks a circular hole through the micropyie 
or depressed end of the egg and leaves the eggshell attached to the 
tree. The eggshell remains thus attached throughout the summer 
and fall until early winter rains dissolve the glue by which they are 
attached. 


FERTILITY. 


Many eggs gathered from different rearing cages in our numerous 
experiments were noted to determine what proportion was fertile, 
with the results shown in Table IT. 


TaBLE II.—Proportion of fertile eggs of the California peach borer. 


| Fertile Sterile | Fertile Sterile 


Lot No. eggs eggs not | Total. | Lot No. eges eggs not | Total. 
hatched. | hatched. | hatched. | hatched. 
1.22 34 Se ee reer 43 3 aE Othe S fares ere gee a N= ein a 196 3 199 
2. ee ee 42 42 | 85 Yee ares Seg ee termes 55 0 55 
Ree | 75 | 3 | CSE SUC) Seca i a 202 3 205 
eek ke aici S05. | 139 | 15 154 
i... See | fl 3 74 MOT eco es oc eee 1,225 116 1,342 
ee | 204 44 248 || Percentage........... 91. 28 8.72 100 
: 2 | 198 0 198 ; 
| 


THE LARVA. 
FEEDING HABITS OF NEWLY HATCHED LARVA. 


The newly hatched larve (fig. 22, a) are extremely active and 
move about freely and they may crawl for a considerable distance 
from the egg. After hatching they immediately seek out protected 
places, either by hiding in cracks of the bark or under particles of 
dirt or loose bark, or they go below the surface of the ground and 
then at once begin to enter the tree. 

Newly hatched larve were closely observed many times as they 
entered the bark. We were never able to watch newly hatched 
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larvee enter the bark of trees in the open field, but it was commonly _ 
observed in a laboratory experiment in which apricot branches were | 
planted in pots of soil. The branches were about one-half inch in~ 
diameter and cut in lengths of about 12 inches, and were planted in | 
pots or moist sandy soil. The upper cut ends of the branches were 
waxed over, while the lower untreated ends were embedded about 4 
inches in the sand. Clusters of eggs were placed on the branches — 
several inches above the soil, just as they would normally be found | 
in the field. The larve, which were very active, immediately sought — 
suitable places to begin their burrows, which were sometimes started _ 


AN ~S 
aA QUART a: : 


Fic. 22.—The California peach borer (Sanninoidea opalescens): a, Larva; b, cocoon and pupal skin; @ 
c, pupa; c’,abdominal segments of same; c’’, caudal end of same; d, adult female; e, adult male. Much ~— | 
enlarged. (Original.) 


even under the eggshells; at other times, at a considerable distance 
from them. Enough of their burrows were made and enough frass © 
ejected within a couple of hours to completely cover their bodies. ~ 
Always on the second day they would be found well under the bark 
and to have conspicuous piles of frass above them. They entered 
any small cracks or irregularities of the bark or where the bark 
had been injured and where leaves or small twigs had been cut off. 
They seldom attempted to enter on a clean surface above the ground. ~ 
Most of the larve penetrated the surface of the soil and entered at 
the lower cut ends. Entering below the surface of the ground is a 
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characteristic habit of the larva in the open field. Whatever the 
surrounding conditions they sought protected places first where they 
could easily penetrate to the tender inner bark. The larvee in these 
experiments fed freely after a period of three weeks, when many of 
them were about one-eighth of an inch in length. 

In the open field many larve enter the trees through old burrows, 
thus at once finding protection in the inner bark. Newly hatched 
larvee have been kept in vials and fed on apricot leaves for several 
weeks, and they probably could have been kept much longer if fresh 
leaves had been properly supplied. 


PERIOD WHEN ENTERING TREES. 


It is seen in Table V, p. 79, that a few moths begin to fly about the 
ist of June, that they are flying in maximum numbers during July 
and August, and that few are flying during September. Table I, 
p. 69, shows that the egg period lasts about two weeks, as oviposition 
begins immediately after the moths emerge. Consequently the larvee 
begin to enter the trees during the last half of June, and they enter 
in maximum numbers during July and August and the first half of 
September. The last larvee would be hatching and entering the trees 
during late September or possibly during early October. 


CHARACTER OF INJURY. 


Peach-tree borers usually tive below the surface of the ground, but 
under certain conditions and on rare occasions they are to be found 
attacking the trunks and even the large branches. The silver prune 
is subject to attack in this way, and frass and the exuding gum are 
often found on the larger branches several feet above the ground. 
When a tree becomes completely girdled the worms move upward or. 
downward into the still-living tissues, and many worms in this way 
may encircle and eat all of the sapwood for from 12 to 16 inches 
above the surface of the ground. This usually occurs during the 
spring, when there is a general upward movement and when the 
worms are preparing to pupate. 


NUMBER OF BROODS AND LENGTH OF LARVAL PERIOD, AS SHOWN BY ‘‘WORMING’’ 
RECORDS. 


The long period in which the larve are entering the trees results 
in a great variation in the size of the larve at any time of the year. 
This has led to the belief that there may be more than a single annual 
brood. Numerous worming records indicate, however, that the 
insect is strictly single brooded. It often lives less than a year, 
but seldom longer. Larve that hatch in the early spring or summer 
change to moths early during the following season. Unfavorable 
conditions will delay a few, which will mature in midsummer or fall, 
and in this case their life period is longer than twelve months. Larve 
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which hatch during the midsummer or in the fall usually mature 
during the same period of the followmg year. If, however, a tree 
has been weakened or is near to its death, the borers will invariably 
mature in the early spring or summer, when their life cycle will be 
much less than the regular twelve months. 

Monthly worming records were made during a period of about 
two years, and although for many reasons these records can not be 
compared they offer much of interest. The first plan—to mark off 
a badly infested orchard into uniform plats and to dig all of the 
worms regularly from month to month on each of these plats—was 
not entirely satisfactory. The infestation in any orchard is extremely 
variable. One tree may harbor from 50 to 70 or more larve, while 
those immediately surrounding may be entirely immune. It was 
necessary, therefore, to find infested trees regardless of the position 
in the orchard when each record was made, and all worms which were 
collected on any one date, although they may have been gathered 
from many trees’in various parts of the orchard, constituted the 
basis for the record for that particular period. Some trees would 
harbor 1 or 2 and others from 50 to 70 worms. (See Pl. X, fig. 1.) 
The 1907-8 records were taken mostly from large apricot trees, and 
those for 1908-9 from apricot, prune, and peach trees. 


TaBLE III].—Records of larve of the California peach borer taken from trees, 1908-9. 


Num- | Num- | 
Number ber of | ber of otal cers Number | 
of trees Kind of | larve | larve | number | Number; empty | 
Date. exam- tree. small | half to of |ofpupz.| pupal | Remarks. 
ined. to half} full larve. | cases. 
grown. | grown. 
1908. 
Mictyee tints scrtet tee Prune... \Bees ete (Rete 2 se Several | 0 0 | Prunes on Myrobalan 
; | plum root, and not 
| | badly infested. 

IS al ees eae Yess setae screens es | Bene aan ae | Several 0) 

1S | tense a a | eh Se ae eee se ae eee ee 2 0) 

23 ls ees eeeeeesa saoeesee | Many Many | 10 8 | Pupeandempty pupal 
| | cases from dead trees; 
| _. hence very advanced 

stage of insect. 

24 4! Apricot... el 127 134 19 0, All trees completely 

girdled; most worms 
| were nearly grown. 

26 2 |...do (4 ae es ee Ih pes Sere 15 4 | Both trees completely 
girdled. 

June 18 | 10} weacheee.s 8 | 33 41 0 | 0 
19 | 12 AON) eee 11 | 75 86 2 | 0 
20 | 35 |Pedoset as: 9 63 72 14 0 : 
July 14) 2 | Apricote -. z 1 3 23 17| Trees almost com- 
3 | pletely girdled. 
20 | 2a Easdoue es: 0 | 12 12 10 47 | Both trees completely 
| | girdled. 
Nov. — .5'|| Seo Oee Sake | 16 25 0) 0 ~ 
6 | GP idos=a 16 | 46 62 | 0 0 | One tree contained 8 
| | larve, 7 of which 
| | were in crotches 
| | above the ground. 
Dee Byles do aaa oe Vie aan 113 0 0 
1909. | | 
Fans, S| Gree ere eae eo eae 67 0 0 | Larve were ofall sizes. 
Feb. 5 | 13 89 1 0 | Larve in this record 


mostly small; one 
larva in newly 
formed cocoon. 
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TasLE III.—Records of larvx of the California peach borer taken from trees, 1908-9— 
Continued. 


Date. 


June 4 


26 


26 
26 


26 


July 


i) 
i) 


Number 

of trees 
exam- 
ined. 


Num- 
ber of 
larvece 
half to 
full 


.| grown. 


Number 
of pupe. 


Number 
empty 
pupal 
cases. 


= 


Apricot... 


Peach... .- 


Apricot. - .| 


SI 


on 


20 


87 


45 
20 


14 


60 


87 


14 


0 


Or 


48 


bo 


bo 


iS) 


1 
Several 


36 


Remarks. 


Larve of all sizes. 
Do. 
Larvee in cocoon; sec- 
ond for the season. 
Old peach trees only 
slightly attacked; all 
larve in cocoon; 
third for season. 

All larvee nearly full 
grown. 


Still active larva in 
just finished cocoon. 

All pupz and empty 
pupal cases in nearly 
dead trees. 

Larve all nearly full 
grown; 10 pup and 
2 empty cases from 
a nearly dead tree. 


Prune trees on almond 
or Myrobalan plum- 
root stocks, and 
mostly in good con- 
dition. 

Do. 

Larve nearly all full 
grown; 40 pupe, 13 
larvee in cocoon, 
empty pupal cases 
in nearly dead trees. 

Trees about 8 years 
old, completely gir- 
dled; most larvee in 
crown from surface 
of ground to 14 to 16 
inches above; 34 
pupe, 19 larve in 
cocoons. 


The very few larve 
taken were appar- 
ently of the new 
brood. 

Four larve removed 
from trees began to 
spin their cocoons 
July 30, 1909. 


‘The worming records, so far as they are related to the larval stages, 
may be summed up as follows: 
Newly hatched and very small larvee were found from early in June 
Half-grown larve can be found at any 


to October and November. 
time during the year. 


Larve which are fully grown during the 


summer usually transform to moths during late summer or fall, 
while larvee which are full grown during the fall and winter transform 
to moths early during the following spring. Larve more than half 
grown to full grown are most numerous during the winter and spring. 
Larve are apparently active throughout the winter and are never 
entirely dormant. 
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FEEDING HABITS WITHIN THE BURROW. 


There is no regular method of forming a burrow. After the borers | 
have penetrated into the cambium layers, they may move upward _ 
or downward or to the side. The burrow may be long and narrow 
or short and broadened. The larva moves about in its burrow at 
will and cleans out the frass and exuding gum and ejects it through 
the outer opening and because of this the opening often becomes a 
more or less conspicuous tube of such castings. The castings and 
exuding gum are quite conspicuous and always indicate the presence 
of worms and show where the burrows are. Where many worms 
completely girdle a tree there are no individual burrows, and the 
worms may then be feeding closely together. 


THE PUPA. 
(Fig. 22, b, ¢.) 
FORMATION, STRUCTURE, AND POSITION OF COCOON. 


The mature larva selects a place to form its cocoon near some kind 
of an opening where the adult moth can readily escape. This may 
be near the entrance to the burrow, or near a break in the bark, or 
if under unbroken bark the worm may eat out a small round exit 
hole before it goes into the cocoon. Larve which are located in the 
larger roots pupate in the usual way if these roots are near the sur- 
face. On May 26, 1908, during the process of worming 6 pups were 
dug out from a root and in this case they were 12 to 15 inches away 
from the trunk of the tree. Larve often move out from the lower 
roots and also occasionally leave the tree trunk and pupate a few 
inches below the surface and in the open soil several inches away. 
On one occasion 7 empty cocoons were found from 1 to 5 inches away 
from the tree and from 1 to 3 or 4 inches below the surface. Occa- 
sionally pupee may be found 2 feet or more above the ground in the 
lower branches.. On June 10, 1907, 2 pupze were found in the sun- 
burned area on a large branch, several feet above the ground. 

The cocoon is constructed of chewed particles of bark and wood, 
excreta, and gum, and bound together by a silken web and lined 
inside with silk. The completed cocoon is exceedingly tough and 
strong and rather rigid. The anterior end alone is thin and weak 
and offers only a little resistance when the mature pupa begins to 
force its way out. Cocoons which are located in the soil are made 
of particles of earth, but they, like others, are held together and 
lined with silken threads. The cocoon is elongate oval in shape and 
about an inch in length. Female cocoons are larger than those 
of males, although they, too, are sometimes abnormally small when 


|! 
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| ~ they are found in a tree which has been completely girdled and dies 
prematurely. 


A cocoon may be placed with its anterior end directed upward, 
sideways, or downward, and it usually has a clearly open space in 
front, so that the pupa will not be hampered in getting out and so 
thet the issuing moth will also find an easy exit. Of 26 empty pupal 
cases collected on July 20, 1908, from a completely girdled dead tree, 
15 were so placed that the emerging moths could escape directly to 
the open air, but 11 were found under the large expanse of dead 
bark and could get out only through rather distant openings. 


DESCRIPTION OF PUPA. 


The late Prof. Slingerland, in his bulletin on the eastern peach- 
tree borer, states that the male pupa can be readily distinguished 
from the female by its more slender shape and smaller size and by 
the double row of spines across the seventh abdominal segment, 
which bears the last or caudal spiracles. These same sexual differ- 
ences are also clearly characteristic of the western borer. 

The pupa is normally dark-brown in color. It is, however, very 
light brown when first formed and almost black-brown just before 
the moth issues. The beaklike anterior tip 1s strong and sharp and 
easily cuts through the weak anterior end of the cocoon. In leaving 
the cocoon the mature pupa hitches itself forward by means of the 
numerous backwardly directed dorsal spines and forces itself about 
half way out from the cocoon, and immediately the shell splits along 
the dorsal side and the moth issues. The posterior end of the pupa 
remains fastened to the cocoon for an indefinite period after the moth 
has gone. 

LENGTH OF PUPAL PERIOD. 


The individual pupation record given in Table IV indicates clearly 


the length of time required in the several changes during the process 


of pupation. 
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TaBLE LV.—IJndividual pupation records of the California peach borer. 


: Date | Datebe-| pate 
Number. larva in- | 9° are cocoon 
troduced. Cacnont finished. 
{ 
is ae poate Be nanan A Lee ds Ao s| (Seve peer Lanett ee em 
SN sb ARR mre aay Be Estee sete ee es RRS arta e 
ae a eerie | ee re ae [5 eee [Se Ce 
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Eee mera Siete ed ey ster ert rate | perked] rece erent ae 
ioc Rie mere ee rege he eee [een June 4 
(ee SEE CORRS eter | June 5] June 26} July 6 
Co Se SIG eee SE Sei SCE stirs ote aes 
QE Rss oe recieve Rae Ora ere eae ea | enero ee 
IO) esis Set ee ee 10 26 6 
11) epee Sevens Ave URE Rea n= tee [Cae ee ayer el Past eae 
Ee a ee a Ses ean MR bee aoe | pa Mates ees Lt ee 
BSS SS SoS Se ee eS ec eta be ie eG LR et ee 
1 id coee cena Basaet esos eyes ones June 10 
Le neenen Sao ee 24 30| July 9 
Genes eros pie ats bn kee Se SR Pere ae ie June 24 
[Spire tent Bes eset el SR er eae | ease eae 24 
DS see ek Meee Bees caer ees ae lin brane see eS 24 
CO ee ae eee } FASS beh eae i oat | Mana ee On 
(ots GRRE ate ee PASS rete Seka en eS eo Ren | 
PA a ee 29 | July 2) July 6 
To ee ah on 3 ee ee 25 2 6 
DEE SE aN SG Sa ee 26 1 6 
Die Eee RN 26 1 6 
De soo ee ee 26 2 6 
DO eae i oreo 26 1 6 
OHS ee ee Boe 26 2 9 
DR a, Rope tn oe nts os 26 1 8 
2D eye ss Chet 26 1 6 
BOA Be hae ee he 26 2 6 
Soe Eee ee eee Eee oe Baoan ores 4 ssougesacc 
Ss Se Res Rel een teal he em aes Sie Bn 
re a I OS Tel SS eit ei ee Ieee Sereeegn tad (pr eente 
Sa eee Ee Se alice = Soe as eibore eae Rectocce 
B situs ean Sea! 26 | 1 6 
SGbea es Sa eLe eae 26 1 6 
OV Sak sea eB OE 26 1 6 
Sick Sama Gee ee OE 26 1 8 
BOs sense ts wea 26 1 8 
A () Serta vo eeep ees 2 26 1 6 
A s.r Se 26 1 6 
AOS Se Ne AN ORE 26 1 6 
A EN tare Se 26 1 6 
(SSS 5 eS OREN RAAS 26 1 6 
AE Spe earn aS ees ull Stave ios spavabein | ee eels are | cece rere sieeaee 
AG Skee Ryd ae inlays lee ayn en | Meare OS Seal | oes 
1 ee ee Sa SEA Se real oer aes Sere Boe obooae 
be nS OEE) eee tel Seas macnn eee 
AQ ArE RSP sa Se eee OR ec ae tay an | SES ere Ne eet ns See ee 
Dae See te Boe ee 28 | 1 9 
Dg Sele 28 1 6 
LV Ree Oo prea Ra 28 1 9 
FR) sine eta, eteans Rae o 28 1 6 
by es ae a eee 28 1 9 
ss Seed see SS 28 1 6 
yee ee aE: 28 1 8 
G7) oo ee ee 28 1 6 
ORIG Gas pee eae 28 1 6 
SNES Se EN 28 1 6 
GOR eee 28 1 6 
ROtA es Sa ee | hSa es ae ea Se ae tee | eee 
Average 
CUBS) oo sl ace oes Se see oe Sen Eee 


Date of | Date of 
changing| exit of 
to pupa. | moth. 


une 4 6 
4 9 

4 i, 

4 12 

8 20 

9 12 

9 2, 

10 9 

10 14 

10 15 

22 21 

Bea ey eae Aug. 16 

26 

_ 28 3 

204 eae ce 

28 2 

July 9 11 
5 |e es eee he 

14 17 

2 Sage 16 
14 il¢/ 

14 18 

LAs eee eee 

128 berate eee ne 

A | eee aS 

1 5 

6 7 

8 9 

9 10 

10 16 

13 17 

14 18 

20S ese 

14 18 

12 18 

12 16 

12 17 

13 17 

14 18 
June 29 2 
July 2 4 
2 5 

Dt 6 

16 10 

Gil | eee ees 

IN ee ee aA Ss 

ae en ae 18 
12 17 

14 18 

14 18 

16 23 
16ulee Sees 

24 26 

15 roe eee 
12 19 | 


+ Num- 
om ber 
Num- wes of days 
ber nets Length| from 
of days ante of enter- 
spin- of pupal ing 
ing stage. | cocoon 
cocoon rte . to exit 
0 pu- f 
pation Sie 
Sr ee cee ASii|s shee 
TG aoe | eae ees S2EES See 
anes oe ee eee, SOE eee 
2 A eee Ay ee SSe Goereae 
Ua eel Eee eee 2 oi ee eeaee 
ue yaar 4 ADS eer 
TOM Scat So ee ee ae 
sae pASsAlee er ese cones 
seh wae See ey ae Sot esas 
LO) |) sas Sa eee es Eee 
Sree IS Sy Ce PAS Yi Pe See 
gt GO eee 34-|Sceaiess 
eee oe Bote seis Shia ears 
See eae 12 29): 3a Se 
LOrils Bo es eae 47 
beer 2 Slee se 
SPEER hon 4 365|b2 Fae 
Soe Sa! ape Renee We Pearauce 
EME alee ee Shia bseao ak. 
Sa sos ee eee Be es eee 
6 93 Ree ae | ee 
5 8 34 46 
6 {Sass 5es |e 46 
6 8 34 47 
5 8 35 47 
632 2 Ea oe 
8 8st aaa eee 
Bi) s Ses eeete es | eee 
6 6) |2 Sees sae 
5 S$) See ieee 
Ee RN eR Sh base mae ee 
Ee A Sa Ss. a2 |seeeees 
Be Pentel latee eed 32) |e 
RAs sete acta AyD ee oe 8 
OM teers 35 46 
6 7 35 47 
6 8 35 48 
8 12s = een eee 
8 6 35 48 
6 6 37 48 
6 6 35 46 
6 6 36 47 
6 ui 35 47 
= 8 35 48 
ee eA ae eee 347 |S. eae 
Se SS) eNO see 333 Sees 
cane Se cyber 342\ eee 
Papen eo Soe ae Bi es cecee 
Bee eee | herds 2 ts |S ee ae 
9 i fal Setters eres ase 
6 Sols: te Sele oe 
i ete itis ais Poe ase 48 
6 6 36 47 
9 5 35 48 
6 8 35 48 
8 8 38 53 
6 QT | Ses ee eb eae ae 
6 is 33 56 
6 al ges ee 
6 | 6 38 49 
232 232 | 1,500 1, 007 
6.1 7.3 | 34.88 47.95 
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The process of spinning ‘the cocoon, as above indicated, occupies 
about 7 days, and there then follows another period of about a week 
before pupation is apparent. The larva is inactive during this second 
period, but wakes up immediately if disturbed or if it is torn from the 
cocoon. The larva has strength to spin a second cocoon, but in doing 
so becomes so weakened that it seldom if ever transforms to a moth. 
The pupal stage occupies a period of about 35 days. The insect is 
actually in the cocoon from 46 to 56 days. 


EARLIEST, MAXIMUM, AND LATEST APPEARANCES OF PUPA. 


During the season of 1908 the first pupa of the season was found 
on April 29, but at this time most larve were still active and not ready 
to change to pupz. On May 15 several cocoons were found which 
contained quiescent larve, but none of them contained pupz. No 
empty cocoons had been observed up to this time. Numerous pupe 
found on May 23, 24, and 26 indicated that the period of pupation 
had begun. 

Four recently killed trees were examined on May 23 and 26, and 
besides numerous pupe 12 empty pupal cases were found. These 
trees had been completely girdled by numerous borers and had died 
early in the spring, so that a lack of food had caused the borers to 
hasten through to maturity. These cases were the first for the year 
and they indicated that this was the beginning of the period when 
moths were flying. All of these early individuals which were found in 
dead trees were undersized and the males were about as large as the 
females. ; 

During the season of 1909 one quiescent larva in a cocoon was 
found on February 5 and the first pupa on May 6. On May 19 a 
second pupa was found. One empty pupal case, the first of the 
season, was found on the same day; this, again, indicated that the 
time for flight of the moths was beginning. 

Pupz and empty pupal cases were found frequently during all the 
summer, but pupze were found in maximum numbers during June, 
July, and August. The first or earliest empty pupal cases were 
always collected from trees that were dead or nearly dead and the 
cases were usually undersized. The later maturing individuals were 
always found on healthy trees. 


THE ADULT. 
(Fig. 27, d, e.) 
HABITS OF NEWLY EMERGED MOTHS. 


When a moth has just emerged its wings are soft blackish pads 
and lie on the surface of the back, but immediately they begin to 
open. out and after 10 or 15 minutes are fully expanded. The moths 
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are active and jump about in an erratic way and at first are aided 
only slightly by the partly developed wings. As. the wings expand 
the moth rests for a few minutes until the wing tissues are set, and 
it then immediately flies away. Newly emerged moths, when con- 
fined in rearing cages or jars, buzz and throw themselves against 
the sides of the cage with comparatively great force. 


ORIGINAL DESCRIPTION AND SUBSEQUENT NOTES. 


Henry Edwards in 1881 described the adult of the peach-tree borer 
under the name A’geria opalescens.' The description is as follows: 


Steel blue, the fore wings with the opaque spaces greenish black, the vitreous spaces 
very opalescent, with a few silvery scales, hind wings with bright opalescent reflec- 
tion. Fringes of both wings purplish black. Beneath the silvery scales of fore wings 
are much more numerous, extending over the whole vitreous surface. Head, palpi, 
and antenne, deep jet black. Thorax concolorous with fore wings. Abdomen, dark 
steel blue. The whole of the under surface greenish black, the tibiz having at their 
base a tuft of whitish hairs. Spurs whitish, speckled with black. 

Exp. wings 28 mm. 

3 males, Virginia City, Nevada. (H. E.) 

1 female, Colorado (Morrison). 

Type: Coll. Hy. Edwards. 


Later, Beutenmiiller, in his Monograph of the Sesiide, changed the 
name of the insect to Sanninoidea opalescens,? and gave the following 
notes on its description. 


Male.—Head, thorax, and abdomen entirely black. Legs black with white tufts. 
Fore wings transparent with black margins. Transverse mark and outer margin very 
broad. Hind wings transparent with black border. Underside of wings same as 
above. 

Female.—Head, thorax, abdomen, and legs wholly bronzy black, forewing opaque, 
bright metallic green black. Hind wings transparent, opalescent, outer margin and 
fringe blue, or green black. Underside same as above. 

Expanse: Male 25-30 mm; female 30-34 mm. 

Habitat: Nevada, California, Washington, Oregon. 

Types: Two males. Coll. Hy. Edwards, Am. Mus. Nat. Hist. Male and female 
S. pacifica. Coll. U. S. Nat. Mus. 


Beutenmiiller also adds that Sanninoidea opalescens differs trom 
the eastern peach borer, Sanninoidea exitiosa, 


By having the transverse mark and outer margins of the fore wings of the male much 
broader. In the female the fore wings are opaque, the hind wings transparent and the 
abdomen wholly blue or green black. 


The striking difference between the two species, however, 1s that | 


the upper part of segment 4 in the females of Sanninoidea exitiosa is 
orange colored, while the dorsal seements in Sainninoidea opalescens 
are uniformly steel blue-black. 


1 Papilio, vol. 1, no. 10, p. 199, 1881. 


2 Monograph of the Sesiideze of America, North of Mexico, vol. 1, Part VI, Mem. Amer. Mus. Nat. Hist., | 


1p. 271, 1896. 
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EARLIEST, MAXIMUM, AND LATEST APPEARANCES OF MOTHS. 


The first moth during the season of 1908 was found resting on an 
apr:cot leaf near the crotch of a tree on April 16, and on May 15 
another was seen in a similar position. On these same days two or 
three empty cocoons were found, which indicated that other moths. 
‘had also emerged. The data in Table V indicate the period when 
moths are flying. 


TaBLE V.—Records of emergence of moths of the California peach borer, 1908-9. 


1908 record, Kelly orchard, 35 trees. 1909 record, Henly orchard, 19 trees. 
Date. Males. Females. Total. Date. Males. Females. Total. 
MUNIN OC Wer Ole 2 csc 2 1 SNe ALAN intel kc ieee aye 3 0 3 
Lh ae Rees 1 5 6 (fires = Seas Sal 3 0 3 
Rep oe ee 4 2 6 i Arann Fis eben fe 4 1 5 
Xe ieee A Pe 0) D ial PA ies SN A 8 6 14 
lily: 6 eae eee 9 1 10 DS Gu cuee mee acateys 2 2 4 
113 genes ieee et 9 ial OWN ASU re ACIS ee boar il 3 4 
Dasara es 10 10 20 I tts aah oe 5 1 6 
Di sae er rere 8 12 20 AL SEN EEA pec aN 3 8 iat 
SHI agers 8 11 19 Dye eee eG 7 5 12 
MU OM Beh epee 6 13 QBS Cpilzomo eee ae 3 1 4 
IO) eee eee 10 10 20 el Qc Jee | 0 0 0 
IV (PR RR 0 3 3 Wf ee gle A A 1 1 2, 
Diy eee ae pores 1 3 4 2 AER ie cali aE| 0 1 1 
SCD eaees ae 0 1 1 SOC e eau ae 1 0 1 
pS eae ee 0 0 0 
Mopars 77 85 162 Motalwaesmeien | 4] 29 70 


These records of emergence of moths for the two seasons of 1908 
and 1909, respectively, were taken from series of wire-mesh traps 
(Pl. X, fig. 2), which were placed around the lower trunks of 
apricot trees. During the season of 1908 the records were made in 
an uncultivated orchard about 3 miles from San Jose. Thirty-five 
wire cages were placed around as many trees, and the moths which 
emerged were collected at regular intervals of a week, except that 
they were collected every two or three days during the period of 
“maximum emergence. ‘The records for the season of 1909 represent 
moths collected from the cages which had been placed around apricot 
trees in another orchard. 

A perusal of the table indicates that an average of 5 moths emerged 
from each of the 35 traps during the season of 1908. An average of 
8 moths per tree and a maximum of 27 moths from a single tree were 
recorded during the season of 1909. The record of 1908 shows an 
emergence of more females than males, and the records of the fol- 
lowing year just the opposite. This fact probably lias no special 
significance, since the totals in either case are not sufficiently large 
to be of value in determining the relative number of either sex. <A 
few moths are thus to be seen flying in April and May and many more 
during July and the first half of August. A few late individuals 
appeared during September. 
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FLIGHT, FEEDING, AND MATING. 


The moths for the most part fly within a few feet of the ground 
and move in an erratic way, dashing from place to place or from tree 
to tree. Individuals flying into or over the tops of large trees are 
only rarely seen. Males are often found buzzing and hovering 
around trap cages in which females are confined. Both sexes are © 
extremely active and hard to catch. Moths are often seen resting | 
on leaves or on trunks of trees. 

Moths have never been observed in the act of feeding. Drops of 
sweetened liquids and honey were placed on apricot leaves in the 
trap cages, but the moths were never seen even sipping at this. 

Mating occurs as soon after the moths have emerged as the male 
and female can come together. Individuals from separate rearing | 
jars only a few minutes after issuing from their cocoons were observed 
to copulate as soon as they were placed together in the same rearing © 
cage. In one instance a male which was known to have mated a few © 
hours previously was placed in a cage with a newly issued unim- — 
pregnated female. Both alighted on the ground and copulation took 
place immediately—so quickly, in fact, that one could not follow the | 
movements. The individuals remained in copulation 1 hour and 20 
minutes. The previous copulation of this male had lasted 1 hour 
and 17 minutes. Other matings have been observed to last as long 
as 1 hour and 30 minutes. Copulation was observed many times. 


OVIPOSITION. 


Female moths begin to place their eggs within a few hours after 
emerging from the cocoons. They have been observed in rearing 
cages to mate during the forenoon and to place eggs in the after- 
noon—never later than the following day. Within two or three 
days oviposition is completed and the moths die. 

The rearing cages for the life-history study of the insect were about 
2 feet square and 6 feet high, with wire-mesh cloth on all sides. They 
were placed over small apricot trees which had been planted for this 
purpcse in the back yard of the insectary. (See Pl. IX.) The 
moths thus introduced were out of doors, could fly and mate under 
almost normal conditions, and it was found that oviposition and egg 
development could be matched easily. 

Within the rearing cages the moths placed their eggs at random, 
on the small trunks, stems, and leaves of the trees, and even on the 
inside of the cages. Most of the eggs, however, were placed on the 
underside of the leaves. A moth would fly to a branch and rest on 
it for a few minutes, and after placing a few eggs would quickly fly 
away and soon repeat the operation. Eggs were placed sometimes 
singly, but mostly in groups of from 2 or 3 to 25 or 30 or more. A 
moth was observed to alight on a leaf, place 2 eggs in about 10 seconds, 
and then fly away. 


PLATE |X. 
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Bul. 97, Part IV, Bureau of Entomology, U.S. Dept. of Agriculture. PLATE X 


EMERGENCE OF MOTHS, IN PLACE AROUND TREE. 


Fic. 2.—WIRE CAGE, USED IN DETERMINING PERIOD OF 
(ORIGINAL.) 


THE CALIFORNIA PEACH BORER. 


Fic. 1.—BASE OF APRICOT TREE, SHOWING INJURY BY LARVA. 
(ORIGINAL. ) 


| lows: 294, 275, 205 (64199 dissected), and 412. 
| females which were placed in confinement oviposited as follows: 5, 6, 


) day. 
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Numerous records of oviposition by moths which were confined in 
cages indicate that the favorite place is on the lower surface of the - 


| leaves (Table VI). 


TasLe VI.—Oviposition of moths of the California peach borer within the rearing cages. 


; E ges a i) Oa On 

‘aca N placed on n upper 

Cage No. wood of branches. | surface pores Total. 

cage. of leaves. Ye 

ce i EIS SS Sap ek SP eee UC a 55 16 14 119 204 

SPR reer e ey epee ny ees Meret iE ies Salah, oak eno eet 66 49 53 168 

yeahh BT yaa NE a eee SI aR Pes ee ree en | (aa PE ede 272 474 746 

a sot LCG Oe hte pte elegy armies RES shee ane 20 144 40 204 

nce tee el eis RS RS Se Sere tas ee SN ae VN Lee SE RN a tense NN a ae 48 220 268 

ge ea aie ek, WE 2 pau EOE LE 108 ea al 55 GOn Beri ee ee 102 223 
Mitel epee Seem eee re al ie Ian ie a ee lh 2 110 168 527 1,008 1,813 


Moths flying in the open field always place their eggs on the lower 


| trunk a few inches above the surface of the ground. The eggs are 


arranged in groups as in the rearing cages. A careful examination of 


| branches and leaves of several trees in a badly infested orchard 
» showed no eggs elsewhere than on the lower trunk, but many groups 


of eggs were found on individual trees. A moth was once observed to 
fly and alight on the trunk of an apricot tree about 5 inches from the 
ground. She soon moved 2 or 3 inches higher and remained there 


| about two minutes, placing about 12 eggs; she then flew rapidly away 


until she was lost to sight. Thirty other eggs which had been placed 
at some previous time were also observed near this group. All were 


_ within a radius of 2 inches and were grouped in numbers of from 3 to 


10. They were not definitely arranged. Clusters of eggs can be found 


_ easily on the lower trunks of trees in any badly infested orchard. 


The eggs on a single five-year-old apricot tree in the open field 
(Kelly orchard) were numbered and grouped as follows: 2, 3, 3, 6, 8, 


) 8, 9, 10, 27, and there were about a dozen scattered, singly-placed 


egos. All were between | and 2 inches above the surface of the ground. 
On a second tree 44 eggs, all near the surface, were grouped as fol- 


Wows: 1, 1,1, 2,2, 2,2, 4,6, 8, 13. All the eggs on both these trees 


were hatched when examined (Aug. 10, 1908). 
Records of oviposition by individual moths may be listed as fol- 
Hight unmated 


11, 11, 25, 43, 50, 83, and in each case the moth died before the second 


Table VII, which is a record of oviposition by individual moths, 
indicates how soon oviposition begins after mating, how long it con- 
tinues, the number of eggs placed, and the life of the moth. All 
moths were introduced into the individual cages immediately after 
they were taken from the trap cages in the field. 
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TABLE VII.— Mating and oviposition of the California peach borer. 


| | | | 
| | | | Num: patch 
A | pero os othe 
Indi-| , . | Nae | Oviposi- | send ed . 
Sie F | Quibosisle aan Period of Mothe | ae! eggs | DUS 
duced into Mating. tion Sere : of | eggs} “2 ber 4} ' 
ual Saree : RGR com- | oviposition. dies. | th denn oss by 
No. ee hose eke Ges pmoth.| de- \sected| . % 
| posit-\"F-om | C&8s- ( 
| | | ec: |body. | 
—— | 
i | | ’ 
1908. 1908. | Days. | 
le Phil ale Sesee July 17,9 a. | July 18--| (2) Asbo. 3. |) dulys225" o>} 136| 144 280 
at | days at 
Daler dostaes ee ee Sere a eee aes ca ete, Gres ee July 20 3) 66| 482 
ea | : (male). | at. 
| | July 22 5 costes eS i 
(female). 
a} | Besee dowseees daa dey (1742 ptualby 1825) ee seen | See eats | ere ee eee (@) |-:-- 
10.50 a. m | | 
to 12.10 p. | 
4} July 18...-... INO FObServedi th Sunbys20 Se Ve eee mee eee ees eae oh) bee 305 | 319 |- 624 | 
al dune oes 20e) COs er ee a ee July Stroh: 53 9 eee eee rae July 22 1. eee Sees eee at 
male, 9 fe- (6male, 
male) e- 
male) | 
July 23 Oe SS eee 
(1 male, 
ls Vey aes 
| male) 
July 24 0 eee eae 
| (2 male, 
{ | teoebss fe- 
= | male). 
6 | July 22......| Notobserved | July 23..| July 24..| 2 days..+._.| July 25-. 3 | 204 65 269 
7 | July22,noon.|.....do...... LJuly Oo t|2<, dow adores ae >...d0....|- 31] "268. 2193) ee 
PS aves rane 
Sa brhuliyg 23 meee |e dose fdubys 24-8 ehithys 25-5) and Ose ee eset s (ase 2| 168 | 126 294 
9 | July27,noon.|..--- dos. 2 | July 29..) July 29..| 1 day_...-- | July 29.. 2 193 
TOs bees 28 Goes July 27, 9.30 | July 28, | July 28, | 4hours.....| July 28, 1 92 | 166 258 
tolla.m. { 9a.m. noon. } noon. 
11 | July 27,2 p. | Notobserved do....| July 29, | 2 days July 29, 2] 639 98 
6p.m 6 p.m 
1s Eo N riser toa kes {Pe domes: Ale 3s | Aes 5, to days--- Aug 6 3°) 210) eee ee 
a.m me ou oRne) 2 me 
1B ya eee dOst e354 |Boss- dose adOseee| Aug. 4, | 2 days Aug. 5 2} 163s02. 22 |e 
| p. m. 
145 Ame 5 103052 223 dos=2 Aug. 6_.| Aug. 7, dotaes = Aug. 8 3 59s Se Se 
| | p. m. 
Vor AW orf, Sspea| see dose SATIS Oe = lepers |e ee eee che Aug. 10 3 | 298 |: 2.2). - ae 
Gs | As oe LO a] CASTER ce NOs |e eam ae Fiera iver eee ree Aug. 12 2| 262.|.....|... Se 
10.30a.m | | 
| to 12noon. | | 
1724 ee GON jaa Aug. 10, 10 | Aug.10..| Aug.14:_| 5 days..-.-.: | Aug. 15. Ds | SELSo ee eee 
a.m. to12 | 
noon. 


1 Male had mated previously with another female for 1 hour and 17 minutes. 
2 Many eggs laid, but none hatched. 
3 Male had mated previously. 


Table VII indicates that moths began oviposition a few hours after } 
issuance, or at the latest on the following day. The period of ovipo-— 
sition of a single. moth is seldom longer than two or three days, and 3 
the moths die immediately thereafter, | 


LENGTH OF LIFE OF THE MOTHS. 


Moths which were kept from mating were found to die without hav-_ 
ing placed any or at least only a few eggs. Female moths die imme- 
diately after oviposition is completed. Males die soon after mating. 
Oviposition within the rearing cages would begin within a few hours (8 
to 10) after mating, and always within 24 hours; it would be completed 
within 3 or 4 days and none was observed to live longer than 5 days. 
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NATURAL ENEMIES. 


There is a species of ant which has been observed many times to 
attack adult moths, pulling them to pieces and literally eating them 
alive. It often happened that a moth would become entangled in the 
creases of the wire mesh or in the cotton of our trap cages where the 
traps were bound around the tree. Almost invariably their bodies 
would soon be torn to pieces by these ants. The ants presumably 
are not of economic importance in controlling the moth of the borer. 

On another occasion a nest of small white mites was taken from the 
body of a dead moth, as well as a dipterous larva. 


METHODS OF CONTROL. 
EXPERIMENTS WITH PREVENTIVES. 


Six large apricot trees in the insectary yard were treated as follows: 
The dirt was first dug away from the lower trunks to a depth of 8 or 
10 inches, the bark was scraped, the few worms present were removed, 
and the lime-oil wash was applied over the newly exposed bark and 
to a height of 16 or 18 inches above the ground. The mixture was 
swabbed on thickly with a large calcimining brush and was applied 
on June 25, 1908. < 

On August 4, 1908, six weeks later, numerous clusters of eggs just 
ready to hatch were selected from the rearing cages and attached to 
the treated trees at a height of from about 5 to 10 inches above the 
ground, where they would normally be placed on untreated trees in 
the open field. This experiment was made under extremely unnatural 
conditions, because eggs are apparently never placed directly on 
any treated surface. It served our purpose, however, which was to 
determine the number of young that could really penetrate through 
the wash and get into the tree. The wash was still in a good condition 
on August 4, when the eggs were attached. Table VIII gives the 
details of the experiment and the results of examination of trees 
September 21. 


TasLE VIII.—Detarls of experiment No. 1 with protective lime-oil wash against the 
California peach borer. 


Pee Ee Number | Date of 
Tree No. pla ae Position of eggs on tree. of eggs hatch- Remarks. 
AE ne. hatehed. ing. 
1 46 | 5 inches above ground on north side 43 | Aug. 12 | Nosignof borers found. 
of tree. 
2 Som lpeeee GOS Eee sea bark soe erento a AD lO =8)= Do. 
3 Feel Pcie CLOSES 5h Sic ems fo mPa rae as Bs 75 |-..do....| 3 empty pupal cases 
found. 
4 Ie ee ee Se ee ee eae eee ae 139 | Aug. 25 | No sign of borers. 
5 (AG 2inehes abeve eroundis- 5-45: 2.225. Neo eOW@sance 3 empty pupal cases. 
6 248m eOnplower tne asses Se ee 210 | Aug. 26 | No sign of borers. 


685 TNO Gallet cone aes Tay nae ee ee SO ialeeysrsr a 6 moths matured. 
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Table VIII indicates that a total of 580, or about 80 per cent, 
of the 685 eggs hatched, but only 6 worms (about 1 per cent) 
were able to penetrate through the lime-oil wash, enter the trees, and 
finally mature to moths. Former experiments (see Table IT) show a 
higher percentage of fertile eggs. A great discrepancy between the 
number of eggs which hatch and the worms which actually are able 
to enter the trees had been previously noticed. There is also a great 
mortality of larvee, as is evidenced by the number of worms which 
may be found in any tree and the number of moths that may mature 
later. The almost complete immunity of these trees is not, therefore, 
attributed entirely to the effectiveness of the lime-oil wash. 

Experiment No. 2.—The Wilson experiment was planned to deter- 
mine the danger of injury by applying crude oils directly and in combi- 
nation with lime to peach trees and also to determine the value of 
these oils as repellents or barriers against the entrance of borers. 
Crude oils have been applied directly to various fruit trees by orchard- 
ists in the Santa Clara Valley, and their application has proved fairly 
successful. Occasional injury has beenreported. Peach and apricot, 
and especially the younger trees of these varieties, are very sensitive 
to oil, andit is believed that there must be more or less injury to other 
trees. The crude oil is undoubtedly a most effective barrier to keep 
newly hatched worms from entering the trees, and it also penetrates 
and draws many more mature worms out to their death. The oils, 
therefore, have a distinct and decided insecticidal effect against the 
borers. 

The Wilson experiment was arranged in three plats—Plat I, with 
10 trees (numbered 1 to 10, inclusive), Plat Il, with 5 (numbered 
11 to 15), and Plat III, with 10 Mumbered 16 to 25). The earth was 
removed, the borers dug out, and the bark scraped, as in experi- 
ment No. 1. The various remedies were applied on June 20, 1908. 

Plat I was treated with the lime-oil mixture, which is recom- 
mended as formula No. 1. It was applied just as it was used in the 
previous experiment. Three gallons of the mixture were sufficient 
to treat the 10 trees. 

Plat II was treated with a tight grade of pure ctdle oil known as 
Coalinga crude oul, 22° Baumé. This was likewise applied with a large 
brush and in similar way to the lime-oil mixture. One gallon was 
sufficient to treat these five trees. | 

Plat IIT was treated with a heavier grade of oil known as Kern ~ 
crude oil, or about 14 to 16° Baumé. This oi! was cold and heavy and 
rather hard to apply. Three gallons were sufficient to treat the 10 
trees. 

The earth was immediately replaced around all of the trees after 
the treatment. 
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— The trees were examined from time to time, and injury from the 
oils was soon apparent. Early in October most of the leaves on the 
trees in plats Nos. 2 and 3 had fallen, and the remainder of the leaves 
were curled and nearly ready to drop. There was a marked contrast 
between the oil-treated trees and those which were treated with the 
lime-oil wash or which were not treated at all. Trees treated with 
the lime-oil wash were apparently in normal condition. The oil- 
treated trees again in the spring of the following year were in a 
weakened condition, and by June 1 trees No. 13 in Plat II and 23 
and 25 in Plat III were dead. All trees in Plat I and the adjoming 
check trees were in normal condition and possessed a bright, healthy, 
green foliage. It is very evident that peach trees can not be safely 
treated with crude oil alone, although the lime-oil combination 
appears altogether safe. The trees in this experiment were exam- 
ined from time to time to notice any new infestation of the insects, and 
no worms or pupz or pupal cases were ever found on any of the 
treated trees, although numerous worms infested the surrounding 
check trees. 

In addition to the attack which would normally be made by moths 
living in the open field, several trees were subjected to attack by 
placing fertile eggs on them as in experiment No. 1. Table IX 
shows the number of the eggs, where they were placed, and the 
results of examination of trees June 10, 1909. 


TasLE 1X.—Details of experiment No. 2 with protective washes against the California 
peach borer. 


Num- 
Plat Tree | Number | Number! Date of 2 
No. No. | ofeggs. | hatched. | hatching. pee Remarks. 
| a 1908 a 

a | is a6 | el ae ui None. No larve, pups, or pupal cases taken from 
TT | 11 144 136 |...do..... None. | 22Y of the treated trees, although infestation 
ihe: | 29 225 | 16 Aug. 131 None. |} W@S common in adjoining check trees. 

Tote ae ae 573 TES mer hoaeae | None 


“WORMING’’ AND APPLYING WASHES IN THE SANTA CLARA VALLEY. 


The method of controlling the borer as practiced by orchardists 
in the Santa Clara Valley is to ‘‘worm” the trees by hand during 
the winter or spring months and later apply a protective wash before 
the dirt is thrown back. Some orchardists, however, dig the borers 
out without giving any subsequent treatment. The digging out 
process is the most important and most effective. The earth is 
shoveled away from the crown of the tree, the dirt and old bark 
scalngs are scraped off, and the worms are cut out by hand. An 
ordinary three-fourths-inch wood chisel and a horseshoe knife are 
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now conceded to be the best tools in use. A combined scraper, 
chisel, and rounded worming blade has been used extensively, but 
tools of this kind do not contain the fine quality of steel that is found 
in other knives and chisels and they soon become dull. The bark is 
often broken rather than cut when such tools are used, and this works 
serious injury to the tree. The curved worming blade is especially 
harmful, because it is forced into the burrow and great pieces of liv- 
ing as well as dead bark are broken off. The tool is convenient 
because it combines the scraper, chisel, and worming point, but its 
convenience can not offset the better work of the ordinary chisel and 
knife. . 

There are two periods during the winter and the sprmg months 
when worming can be done to advantage. Worms are from half to 
full grown and can be easily seen during the winter. They are more 
or less dormant, and if cut out at this time the trees will be spared 
the later injury which would follow their feeding during the spring. 
It is also more convenient to orchardists to dig for borers at this 
time because of a freedom from other work. Spring worming is also 
quite as effective as when this work is done during the fall. <A pro- 
tective wash should be applied after ‘“‘worming”’ has been accom- 
plished. Such a wash acts primarily as a repellent and keeps adult 
moths from placing their eggs on such treated trees. This wash 
should be applied during the months of May or early June, when 
moths are beginning to fly. If the wash is applied after worming in 
the fall it deteriorates and cracks and falls away from the tree before 
the time when oviposition occurs. It is considered just as good 
practice to dig the borers during the fall as in the spring, but in any 
case the wash should again be applied in May or early June. The 
wash also serves in a secondary way to render the labor of subse- 
quent worming much more easy and rapid. The dirt and bark 
scalings fall from the washed tree more easily than from those 
unwashed, and the masses of frass, indicating the presence of borers, 
are also more easily discovered. 


FORMULAS FOR WASHES USED. 


The following washes have been used extensively for controlling’ 
borers in the Santa Clara Valley and elsewhere: 


Formula No. 1.—The lime-crude oil mixture: Place about 50 pounds of rock lime 
in a barrel and slake with 10 or 15 gallons of warm water; while the lime is boiling, 
slowly pour in 6 or 8 gallons of heavy crude oil, and stir thoroughly. Add enough 
water to make the whole a heavy paste. The wash should be applied immediately 
with a heavy brush. = 

Formula No. 2.—The lime-sulphur-salt mixture: Place about 25 pounds of rock 
lime in a barrel and slake with warm water. Add 2 quarts of sulphur and 2 or 3 hand- 
fuls of salt while the lime is still boiling. This wash is heavy and is applied with 
a brush. 
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Formula No. 3.—Lime, coal tar, and whale-oil soap: Unslaked lime 50 pounds, 
coal tar 14 gallons, whale-oil soap 12 pounds. Slake the lime in warm water and add 


- the gas tar while the mixture is boiling; dissolve the soap separately in hot water 


and add this to the lime solution. Add enough water to make a heavy paste. 
THE CARBON BISULPHID TREATMENT. 


Carbon bisulphid has been recommended extensively, but its use is 


now discouraged. Moisture conditions in the soil are so variable that. 


no set rule to determine the amount of liquid which shall be used can 
be followed, and if the treatment should be preceded by a rain, or if 
the ground be especially damp, the gas-treated soil can not be left . 
around the tree without immediate injury. The carbon bisulphid 
method has been more or less successful when an orchardist has done 
his own work for several years and when he himself places the charge 
and recognizes the danger. Serious damage is most likely to follow if 
the remedy is applied by an inexperienced man. Another disadvan- 
tage of the carbon bisulphid treatment is that it does not remove the 
dead or decaying bark above after the cambium layers have been 
killed by the borers. Hand cutting is never practiced after this treat- 
ment, and the tree can never heal its wound as it does when the dead 
bark is cut away. 


METHODS USED AGAINST THE EASTERN PEACH BORER. 


Some of the methods of treating the eastern peach borer have been 
used, but with little success. Paris green and glue washes have nearly 
always injured the trees. Paris green is not valuable as an insecticide 
against borers because the larvee do not take any part of the wash 
directly into their stomachs. Hydraulic cement has been used for 
the purpose of placing a hard coating over the bark so the borers can 
not penetrate through into the tree. It has been used apparently 
with only negative results. The hard covering of cement cracks 
easily as the tree expands and offers little or no resistance to the 
borers. Numerous combinations of rosin and white or green paints 


_ have proved of no value, and there usually follows some injury to the 


trees. ‘‘Mounding”’ as practiced in the Eastern States consists in 
building up a cone-shaped pile of dirt around the lower trunks. This 
is done during the early spring or summer, and its object is to force 
moths to oviposit high up in the crown of the trees. The young larvee 
are thus deceived and enter the bark usually high up under this loose 
soul and are easily exposed when later the mound of dirt is removed. 
This method is not practiced against the California peach borer, 
although it might be used with success. Surrounding the tree with 
paper or other wrappings has been practiced commonly in the East, 


_ but not successfully in California. The long, dry California summers, 


which necessitate constant spring and summer cultivation, tend to 
lessen the effectiveness of such wrapping or mounding. 
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SUMMARY AND RECOMMENDATIONS. 


The life habits of the California peach borer may be summed up as 
follows: Adult moths are flying from June to and including Septem- 
ber, and are present In maximum numbers during July and August. 
As they place their eggs immediately after emerging, the period of 
oviposition conforms with that of the flight of the moths. 

The egg stage lasts about two weeks, so that the period when the 
newly hatched larve are entering the tree is about from the middle 
of June to the middle of October. The period when they are enter- 
ing in maximum numbers is from the middle of July to the middle of 
September. Any repellent or protective wash, therefore, should be 
apphed before the middle of June. 

Worming should be practiced during the winter or early spring 
months, and it is very important that only sharp tools be used. The 
bark should be cut and not broken from the tree and so far as possible _ 
only dead bark should be cut away. The most effective wash that - 
can be used in conjunction with the worming method is considered 
to be the lime-crude oil formula No. 1. Heavy crude oil is thought 
to be repellent to the borer moth and acts to draw many of the worms 
out, but it is extremely injurious to some trees. It is apparently safe 
nen combined with lime. Such preparations as residuum oil, gas 
‘tar, or asphaltum can be applied directly to the bark of the tree with 
only a little danger, but common practice has demonstrated that a 
combination with lime is almost as efficient and far safer than the 
crude oil alone. 
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PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


NOTES ON THE PEACH AND PLUM SLUG. 


(Caliroa [Eriocampoides| amygdalina Rohwer.) 


By R. A. CusHMan, 
Agent and Expert. 


INTRODUCTION. 


On August 7, 1909, the writer’s attention was attracted by a 
peculiar injury to the leaves of a peach tree standing in the yard of 
the Delta Boll Weevil Laboratory at Tallulah, Madison Parish, La. 
(See Pl. XI.) This injury consisted in the skeletonizing, with subse- 
quent curling and falling, of the leaves by a small, yellowish-white, 
sluglike larva, resembling very closely in form the pear slug (/rio- 
campoides limacina Retz.). Investigation showed that most of the 
peach trees in the neighborhood were more or less severely injured. 
On August 16 an abundance of small black sawflies was observed 
alighting on a variety of trees and shrubs, and it was immediately 
thought that these were the adults of the sluglike larvee on the peach 
trees. From the close resemblance of both the larve and the adults ~ 
to those of the pear slug it was at first supposed that the insect in 
question must be of that species, but comparison of the adults with 
the description of the pear slug showed differences. Specimens of 
the adults were therefore sent to Mr. 5S. A. Rohwer of the Bureau of 
Entomology, who stated that they belonged to a species new to 
science. Mr. Rohwer has described the species as Caliroa (frio- 
campoides) amygdalina.* 

What is undoubtedly the same species was discussed and figured by 
Prof. H. A. Morgan, in 1897,? under the name Caliroa (Selandria) 
obsoletum, and the common name “‘ peach and plum leaf sawfly.”’ His 
article covers a little more than 3 pages, and embraces notes on 
the biology and natural enemies of the species and remedial measures. 


—————— 


1 Entomological News, vol. 22, no. 6, pp. 263-265, figs. 1-6, June, 1911. 
2 Report of the Entomologist, Bul. 48, 2d ser., La. Agr. Exp. Sta., pp. 142-145, 1897. 
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Owing to the lateness of the season and the press of other work 
in the fall of 1909, very little in the way of biological studies of this 
new species could be accomplished, although several unsuccessful 
attempts were made to carry the larve through to the adult stage. 


OBSERVATIONS ON THE PEACH AND PLUM SLUG IN 1910. 


In the spring of 1910 a careful watch was kept for the insects, and 
the earliest recorded observation was made on April 1, when two 
adult sawflies were observed on a peach tree. This is probably very 
near to the first date of appearance of the species, since careful 
search did not reveal larve until April 7. On this date 6 larve 
one-third grown and 5 eggs were found. Morgan (1. c.) states that 
the adults may be seen at any time from the middle of March until 
cold weather. His observations were made at Baton Rogue, La., 
about 130 miles south of Tallulah, La. 

On April 21 several larve were taken, feeding on the leaves of a 
plum tree in the laboratory yard. From this time on, and under 
generally warm, dry weather conditions, the infestation increased 
gradually until April 24, when a severe frost killed all but a very few 
of the immature stages, including all of those directly under observa- 
tion on the trees. Following the freeze came a long, cold drought, — 
unbroken until May 18 and followed by about a week of daily heavy — 
rains. This, in turn, was followed by more cold weather. From the 
middle of June until the first week in July there were almost daily 
heavy rains. This combination of unfavorable weather conditions held 
the species in check to such an extent that it was difficult to find it im 
any stage. On July 12, 7 full-grown larve and a number of small — 
larve were found, the latter probably hatched since the last rain. 
None between these two stages was observed. After this time fre- 
quent observations were made and considerable rearing work done. 

While before the freeze of April 24 all of the trees in the laboratory 


yard had suffered about equally from the depredations of the insects, £ 


from this time until about the middle of August the infestation was 
confined almost entirely to two trees, which stood within a few feet 


of the north side of the house, and which were further sheltered by a _ 


large pear tree and a persimmon tree. For a long time the injury 
was practically confined to the lower branches close to the house — 
and under the pear and persimmon trees. But as the season advanced x 
and the supply of suitable leaves in those locations failed the 
infestation spread over these two trees and to the other peach trees 
and the plum trees in the yard. Whether it is the normal habit of 


the species to confine its work as closely as possible to its breeding | 


place, or whether the concentration noted was due to the fact that 
the adults which survived the freeze sought a sheltered location for - 
depositing their eggs, is not quite clear. However, the earlier 
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observations seem to indicate that the females normally mfest the 


na —F 


lower branches first, gradually going higher and higher as the destruc- 
tion of the lower leaves progresses. 
On September 15 occurred a very hard shower, accompanied by 


a high wind, that destroyed a large percentage of the larve that were 


on the trees at the time. This constituted another setback from 


_which the species had hardly recovered when cold weather set in. 


On October 5 practically all of the accessible foliage of the trees in 
the yard was examined and no stage of the sawfly found, except 8 
eggs. These were all located on one 
leaf and had apparently all been para- 
sitized. ; 

In the earlier attempts at life- 
history work great difficulty was ex- 
perienced on account of the delicacy 
of the young larve and the large 
death rate among them when trans- 
fer by hand from one leaf to another 
was attempted. In addition to this, 
it was found impossible to follow a 
given lot of larve through to maturity 
if left on the tree, because of their 
habit of moving over considerable a te 
areas and their consequent loss. The | ee 
attempts to curb this tendency re- 
sulted only in the death of the larve. 
Also, the adults refused to oviposit b_- 
under any form of restraint. For 
these reasons a special method of pro- Sale 

. a Fic. 23.—Cage used in rearing the peach and 
cedure was adopted and a special plum slug: a, Tumbler; b,sand for pupation 
rearing cage designed. Many unin- of the insects; c, tube, open at both ends, for 

See moistening sand from bottom; d, vial of 
tested terminal clusters of leaves were water for keeping food fresh: ¢, lantern 
miacked with blank stringtags. These  ‘himmey: J, cheesecloth cover; g,-rubber 

: : band. Reduced. (Original.) 

clusters were examined daily, and : 
when eggs were found on any of the leaves the infested leaves were 
marked by clipping the tips and a lot number was placed on the tag, 
the number corresponding to a card on which notes were recorded. 
The leaf cluster was then allowed to remain on the tree until just 
before or just after the hatching of the eggs, when the whole cluster 


- was cut off with a long stem and transferred to the rearing cage. 


This cage (fig. 23) consisted of a tumbler of sand, into the center 
of which was thrust a vial and at the side a tube open at both 
ends. The stem was placed in water in the vial and held upright by 
a perforated cork. The tube reached well toward the bottom of 
the tumbler, and was for the purpose of watering the sand without 


¢ 
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puddling the surface. Over this was placed a lantern chimney upside 


down, the top of the chimney just fitting inside the top of the tumbler. 
A piece of cheesecloth over the open end of the chimney completed 


the cage. 
About two days after hatching the larve were transferred to 


fresh foliage, and thereafter the foliage was changed as often as_ 
necessary. Even with this care only a small percentage of the indi- — 
viduals confined were carried through to maturity, and many of the — 
lots were complete failures. However, a great deal of information — 


concerning the life history and habits of the species was obtained. 


LIFE HISTORY. 


THE ADULT. 


The adult sawflies (see fig. 24, g) are very active little insects. If | 


one is observed on a leaf it will be seen to run back and forth across 


the leaf on the upper side, apparently peering over the edge, occasion- — 


ally stopping for a moment at one of the nectaries at the base of the 
leaf and sipping the nectar. This sort of food seems to constitute 


their diet, as, in addition to visiting the peach-leaf nectaries, they © 
were also observed visiting near-by cotton plants for nectar and honey- | 


dew, and one was seen on Japanese quince. 

The adults first appear in the spring, in the latitude of Tallulah, 
about the Ist of April and can be found at any time thereafter until 
cold weather in the fall. Morgan (loc. cit.) observed that the adults 
appeared most abundantly toward the end of each month, and con- 
sidered this as an indication of the different broods. This tendency 
was not noticed at Tallulah. Moreover, eggs and larve of all sizes 


could be observed at the same time, and it hardly appears that there - 


would be any such distinctness of broods. During the year there 
are probably seven generations of the earliest individuals in the lati- 
tude of Tallulah, but owing to the confusion resulting from the over- 
lapping of generations, it is impossible to determine the exact number. 
Six of the seven are summer generations and the seventh is the 
hibernating generation. Of the latest individuals of each generation 
there are probably not more than three or four summer broods. 


OVIPOSITION. 


The act of oviposition was not observed, but from the position of 
the egg it would seem that the female inserts the ovipositor in the 
leaf from the upper side, usually close to the midrib or one of the 


larger veins, and by moving it about from side to side separates the © 


lower epidermis from the other leaf tissues In a space about one and one- 
half millimeters in diameter and more or less circular in outlne. In 


| 
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the cavity thus formed the egg is placed. (See fig. 24, a.) The 
probability that this is the method of oviposition is supported by 
the fact that the adult was never observed on the underside of the 
leaf, but always on the upper side. Moreover, the pear slug, which 
is closely related to this species, performs the same operation from 
the underside of the leaf, depositing the egg just beneath the upper 
epidermis. Morgan (loc. cit.) mistook the portion of the lower 
epidermis, which forms the floor of the nidus, for a “‘mucilaginous 
secretion which extends beyond the real egg and produces-a much 
larger surface for attachment.’”’ That this idea was erroneous can be 
easily seen by dissecting the nidus. 


Fie. 24.—Developmental stages of peach and plum slug: a, Egg in situ; b, newly hatched larva; c, 
larva nearly full grown; d, larva after last molt, ready to enter ground for pupation; e, prepupa; f, 
pupa; g, adult. All much enlarged. (Original.) 


In selecting a leaf for oviposition the female usually chooses one 
some distance back from the terminal bud. but one which is still 
tender. The fresh terminal leaves and the oldest tough ones seem 
to be avoided, although rather tough leaves are preferred to the 
newest growth. 

The number of eggs in a single leaf may vary from 1 to 25. It 
seems likely that a female, after selecting a suitable leaf, may deposit 
many eggs in it. This conclusion is strengthened by the fact that 
on April 9, within 9 days of the first. appearance of the adults, and 
when infested leaves were very scattered, one leaf was found which 
contained 25 eggs. 

In some leaves the location of each egg is indicated on the upper 
side by a small, reddish-purple spot. 
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THE EGG. 


The egg is transparent white, ovoid, slightly more than one-half 
a millimeter in its longest diameter, with one side slightly more 
rounded than the other as in the egg of the pear slug. In eggs in 
which incubation has continued for some time the developing larva 
can be easily distinguished. | 

The incubation period of 74 eggs was determined (see Table I), 
and it varied from 4 to 6 days, with an average of 4.9 days. 


TaBLE I.—Incubation period of the peach and plum slug, Tallulah, La., 1910. 
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Date ofl Reece | Tncuba- 
Lot No. | Oviposi- | “hatching. ofindi- | tion 

tion. 8 viduals. | period. 

Days. 
1 Se ee i alee a ee re ee EE eee we Ee Ae Apr. 14/| Apr. 18 1 4. 
| Fy (Re ee ieee Se See OE SE SOE GAP ene aR note Aa eal Apr. 13 OS 1 5. 
TUG ore one kee eos Ghee sores one aeons Senoeec se ceseece bases Aug. 10} Aug. 14 6 4. 
16 eer ae ee een OS Seen Seman Ane o Peseoe aio eS A Aug. 11 | Aug. 16 3 Be 
Deg eS ES Sie eases See oe ean reat Ancram a cere ne ete ee eee 1dom-= |e doses} 3 5. 
LIS ee Se SES Ses Sashes eee eee ee eee Nr eee Aug. -12)|--do-22—- 1 4. 
Aug. 17 2 5. 

PA es oe occ Sees a Se See oe eee eS oe eee see ae domes: Aug. 16 i 4, 
Aug. 17 1 5. 

DP Soe een Ba 5 Soe ern Ss ets I ee Bae ROD Ie ee BO Ue I eA ee 22 5. 
dB GA SS AE Sn Renner ne eae Ome eee Sete anaes ESL |S 2ad0s-s somes» 29 5. 
LUPE 5 eS Sa SSer Shes ss esc soc sess eme ccs Ses Se se ses see sees Aug. 21 ; Aug. 27 ~ 6. 
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THE LARVA. 


As is the case with the pear slug, the larva in escaping from the egg 
cuts a crescent-shaped slit in the wall of its cell. When first hatched 
(fig. 24, b) it is creamy white with the head shghtly darker and the 
eyes and mouth parts brown, and lacks the slimy covering. It has, 
in addition to the 6 true legs, 7 pairs of prolegs. It begins to feed — 
almost immediately, becoming quickly coated with the secretion, 
and within half an hour a line of green appears down its whole length, | 
due to the food in the alimentary canal. 

The first damage by the larva consists in very small pinholes eaten 
into the leaf from the underside, all of the tissue being removed except 
the upper epidermis. As the larva grows and its jaws become 
stronger the size of the eaten patches increases until they become 
large blotches. The upper epidermis is, however, never eaten. 

The larva grows rapidly (see fig. 24, c), molting four times during 
its growth. The first instar is from ieee than 2 to 4 days in duration, 
averaging about 2 days. The second and third instars are of nearly 
hke duration, and the fourth about 3 days in length, the total feeding 
period being about 9 or 10 days in duration in warm weather. Two 
individuals were recorded in which the feeding period lasted for 22 
days, but these were from a lot which was under observation during © 
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the cold weather of April, and represent the result of abnormal 
conditions. 

Unlike its congener, the ee slug, the larva does not eat its 
exuvium. 

The escape from the exuvium is made through an opening at the 
head end, the larva simply crawling out of its old skin and leaving it 
as a narrow line of slime on the surface of the leaf. 

Immediately after molting the larve very freqeuntly wander away 
from the leaf on which they have been feeding to another, sometimes 
2 or 3 feet distant. 

During the first four instars the larva is of a peculiar sluglike 
appearance, swollen in front and covered with the slimy secretion 
which hides the segmentation of its body. The head is pale brown 
and the eye spots darker. The body is translucent and the course 
of the alimentary canal can be traced by the green food within. On 
molting for the fourth time, however, it loses its slimy coating and 
appears as an opaque, yellowish, caterpillar-like larva (fig. 24, d), in 
which the segmentation can be distinctly seen. It is from five- 
sixteenths to three-eighths of an inch in length. 

During the last molt the larva deposits several pellets of excrement 
within the exuvium. 

Tables II to V show the data obtained on the duration of the 
different larval stages, and Table VI gives the data for the total 
feeding period. 


TaBLeE I1.—First larval period of the peach and plum slug, Tallulah, La., 1910. 


| . Number | © First 
Lot No. eee ek fee feat ofindi- | larval 
| 8: ‘| viduals. | period. 
Days. 
URI sep me Tas emer Eye oe tS fe ee ee Aug. 14/} Aug. 15 6 1.0 
wD, 6 CLS aS eS eee sae ase es aes, pp age a ae re ei Pee Aug. 16 | Aug. 17 3 1.0 
Ds 6s EBRD ASSO SIE ET TN a TR Ee Dt pie ana eee ar doresce Aug. 18 3 2.0 
POE PPR epee a ete re ae eee ay tues Ue ea State eit ae | Sept. 21 | Sept. 24 2 3.0 
Re ae a ely MU eee MNT, Mes eee Dee ea ear OAD. On| ANpIree. LL: 10 2.0 
LGM eet anes, sree aa bn hore Men bee pr pot ete es Se | Apr 13 | Apr 15 5 2.0 
| a pa Eee aR ne i pee em ae | Aug. 25 | Aug. 27 4 2.0 
Ee ce te SOS aU BSEE ae nn Sm ee geen ne Ty te ee eed | Sept. 20 | Sept. 24 1 4.0 
| 
ROL AAT CNA VEL AS Coes eer i see one SET ee en ese iii omis oe) Se Sion ee 34 1.9 


Tas LE II1.—Second larval period of the peach and plum slug, Tallulah, La., 1910. 


Date of | Date of Number Second 


Lot No. first second | ofindi- | larval 

molt. molt. viduals. | period. 

Days 

NN Ry oti ane RA. ee Ve ee Sept. 24 | Sept. 26 2 2.0 © 

Se errr pe re rss ee oY Ta ed Aug. 27 | Aug. 29 5 2.0 
Pe eon CoE ae an ae lt ie eee Sept. 20 | Sept. 23 7 3.0 
Sept. 21 |...do..... 20 2.0 
VL. sc eie c 2 SoS Dee ties 5 eet ati sa ie ele Sept. 24 | Sept. 26 1 2.0 
PMiceleATIecy CLAD C eens ee eel Fae. cope AS wale Sep ose se ho aia 35 2.2 
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TaBLE 1V.—Third larval period of the peach and plum slug, Tallulah, La., 1910. 


Date of | Number 


of indi- 
viduals. 


Third 
larval 
period. 


Date of 

Lot No. second third 

molt molt. 
BE i ters ea ae ne iene AR Ee a), aoa Se Uae Sept. 26 | Sept. 28 
BA Ae a ak Aaa eee chat a Og Rane Cale RET A na eres An ies STN Aug. 29 | Aug. 31 
DD eee eS ras oe es Wye Se hic Ros aes eo a Sept. 23 | Sept. 25 
Sept. 26 
WO AO es eee ees yas See pee ae, RD aM SNe aD ree Ae ota egy rele os doa Sept. 25 
SS Gaga es ee eee tae ee MO Al eee es te RMR ee ey hel Sept. 26 | Sept. 28 
Potalan@ average. «S226 as coe s ee ane Soke No ee ee te eco 8 S| ene 


TaBLE V.—Fourth larval period of the peach and plum slug, Tallulah, La., 1910. 


Date of | Date of Nien Fourth 


Lot No: third 

molt. 

0) ea a pre iat oe ae Se cee Oe ee ER eye Se Aug. 20 
MND esate hie cece Sac terete y= St ee ay ee a a pe Aug. 22 
PS Se oan Sisj< che sin bbs ak rasta, Satis dyacta,. Siem See Sele eee 2 Shatter aero Sept. 28 
OA eee ae, soe ae We + mks ak aes ato ee te eres eee See Aug. 29 
(1D) OAS SAAC as AAC nae erme Godoroomh s SACs SuECaE Sosrbo dose aodoaea Sept. 25 
Sept. 26 

EDO a ae oe el Gee raaces RMP e tee ee NT Ree May Oe pee a Sept. 25 
dD 3 eR a I Se eA oT ee te RS OC AR tt a lm ie Sept. 28 
Lotaliamdtavierdgesas saeco see eee eee ene aa ae eee 


fourth 
molt. 


of indi- 
viduals. 


— 


ew 
ND] Pe RN We Re wOHebe 


larval 
period. 


Days.. 


SS SOB ly Co pe Cog eo 
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TaBLE VI.—Total feeding period of the peach and plum slug, Tallulah, La., 1910. 


Date of 


Lot No. hatching. 


Date of 
fourth 
molt. 


Number 
of indi- 


| viduals. 


BPR WHEHE RON 


i) 
ae 


1These 2 were developing during unusually cold weather for the 
average. 


THE PREPUPA. 


Total 
feeding 
period. 


Days. 


bt et Rt RL NOR 
>|) EEN SSO) G0 Fai cc 
wloosoososoosoo. 


— 


season and are omitted from the | 


After molting for the last time the larva crawls or drops to the 
eround where it voids the entire contents of the alimentary canal, 
burrows into the soil from one-half an inch to 3 inches, and constructs 
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an oval cell somewhat less than one-fourth of an inch long in its 
greatest diameter. If the cell be opened the larva will be seen to 
have changed its form considerably. (See fig. 24, e.) It is now like 
a mummy of its former self. It is only about half its original size 
when it entered the soil, has lost the power of locomotion, and is much 
shriveled. This stage may be called the prepupa. Marlatt ' terms 
the corresponding stage of the pear slug the “contracted larva.”’ 

In this form the insect remains for a period, depending on the 
temperature, of from 5 to 7 days before pupation. Some individuals, 
as in the case of the pear slug, which seem to be set aside to guard 
against any catastrophe which might exterminate the species, remain 
in this condition until long after their fellows have matured, before 
finishing their life cycle. In one case a living prepupa was found 28 
days after the latest adult reared from the same lot of larve had 


emerged. When the work was finished, on October 20, after cold 


TS5:_--.—-_ <0 - 


weather had set in, all of the cages were examined. In this examina- 
tion all of the living stages found were in the prepupal condition. 
From this it appears that the species must hibernate in this form. 


THE PUPA. 


(Fig. 24, f.) 


The pupal period varies in duration from 2 to 4 days, according to 
the temperature. The data on the total quiescent period (i. e., pre- 
pupa plus pupa) is shown in Table VII. 


TaBLE VII.—Quiescent period of peach and plum slug, Tallulah, La. 


Dated Date of | Number | Quies- 

Lot No. fale emer- of indi- cent 

‘| gence. | viduals. | period. 

Days. 
ts oie a AS RENE ees tie ng es eC ett Rg AUIS. 28). 2 ee Sepuan el 1 9.0 
“bbe eo eS SBE MEE IE SER OIC Ne eA agente Mens eal ga oe Re Aug. 25 Sept. 3 2 9.0 
|. He 2c Se ei eee OE ay REI A a lean a A WEN Beene oe May 12 1 9.0 
hla 5 ota SO ciesel YS STE Es is IE Ge RE EL oS ci AEN CSO FS May 22-29...| May 9 1. 13.5 
TELS ose tag Sb BaP ee NE RS oo at AGU Ts es oe July 26 1 8.0 
OE cen con RE Ss ceria eR Gs ate nn See een July 14-17...) Tuly 23 1 7.5 
July 24 1 8.5 
| LLG csi re MS a es ce eee aaa ee Sm En UR a INO Me Aug. 19 3 7.0 
DRE tay ere map eN uN Dei yay Cha Aug. 14..... Aug. 22 4 8.0 
Aug. 23 1 9.0 
SE pr Perec SPR WOM LS bee Ged VOR Le ae IN EAE aS Aug. 25 2 7.0 
HOR IMMER eee eNOS Le ted eee Ne a Wate Pang as, ieee Se Cte MOR Mel lear ea AN DIR Pleas Se Sept. 16 1 2 26.0 
| |), coebeyge ale tee diag te Nene maanE ae rear aime Mc bed Aug. 23-25 ..| Sept. 1 2 8.0 
| Sept. 3 a 10.0 
lente SE AM SM RS RI COS ya tp gee Me Re enema VATU o 26-2 aes doze? 2 7.5 
| Sept. 4 1 8.5 
| Sept. 5 1 9.5 
oa te eke 2c ei ea Sept. 10-11..] Sept. 20 1 9.5 
Sept. 22 1 11.5 
MOEA RO Nera gener eats, ae merit Laps or bicelcak sealer gti fee ars aia iS ne Hk US 34 9.0 


1U.S. Dept. Agr., Div. Ent., Cir. 26, 2d ser., 1897. 
2 This individual held over till the next generation before emerging and is omitted from the average. 
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The total developmental period varies from 20 to 28 or 30 days in 
the majority of individuals, although in those individuals of each 
generation which hold over for a time after the normal time of emer- 
gence it may be from twice to several times as long as this. This 
portion of the life history was actually determined for only three 
individuals. One of these required 22 days and the other two 23 
days each. One other was carried through the total period with the 
exception of the incubation period. Estimating this at 5 days the 
total developmental period for this individual was 36 days. During 
the time it was developing, April and May, the weather was very cold 
and the larval period was 22 days in duration. 


EXTENT OF DAMAGE. 


So serious a menace is this insect to the peach and plum trees that, 
in a favorable season, the trees are completely defoliated in August. 
Morgan figures a plum orchard which was practically defoliated as 
early as May 22, 1897, when the photograph (PI. XI) was taken. 

In the struggle to repair the damage of the slugs, the trees keep 
putting out new leaves and forming new wood, which causes them to 
enter the winter unprepared and less able to withstand freezing. 
Many of them are thus winter-killed. 

Morgan (loc. cit.) quotes a letter from a correspondent in central 
Louisiana, in which the statement is made that the species “kills an 
orchard effectually in about two years.” 3 

He also makes the following observation: ‘‘The attack of this insect 
upon the American type of plums, such as the Mariana, and the almost 
entire immunity of the Japanese varieties is very noticeable. Peaches 
seem worse affected upon the lighter soils of the State.” 

A heavily infested tree has a very characteristic appearance in the 
late season, being entirely bare of foliage except at the tips of the 
twigs, where tufts of new leaves appear. 


NATURAL ENEMIES. 


Although the nauseous, slimy covering of the larva of this species 
undoubtedly protects it from many insects and other animals which 
might otherwise attack it, it is not entirely without natural enemies. 
Morgan (loc. cit.) mentions two species of mud daubers, which were 
observed constantly visiting the infested trees and carrying away 
the larger larvee, and records the bordered soldier-bug (Stvretrus 
pulchella |=anchorago Fab.]) as feeding on them. He also records 
having observed a hymenopterous parasite, Trichogramma minutum, 
ovipositing in the eggs of the sawfly. The adults of the parasite 
appeared in 8 days (May 22 to May 30, 1896). 
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The latter species was not reared by the writer, but on October 5 
8 eggs, from which this parasite had probably emerged, were found. 
Emergence is through a small round hole a little to one side of the 
center of the egg. : 3 

In addition to the above enemies several specimens of a new 
species of ichneumon fly were reared from the larve at Tallulah. This 
species has been described by Mr. H. L. Viereck, of the Bureau of 
Entomology, as Hyperallus calirox.! It is shown, much enlarged, in 
fioure 25. 

Specimens of this parasite were reared from larve which had been 
confined in the rearing cages for varying periods before entering the 
ground. The youngest larva, from which a parasite was reared, was 
removed from the tree on April 7, when it was about one-third grown, 
that is, 3 or 4 days from the egg. The parasite emerged 35 days later, 
on May 12. This period is, how- 
ever, rather longer than the aver- 
age, since this individual was de- 
veloping during the cold weather 
of April and May. All of the 
other specimens were reared from 
larvee which were nearly full 
erown at the time they were re- 
moved from the tree and placed 
in cages. From larve placed in \ 
a cage on April 16, 2 parasites j 
were reared on May 17, a period 
of mill days. Fig. 25.—Hyperallus caliroz, a parasite of the peach 

Fr om larv aa placed in a cage on and plum slug. Much enlarged. (Original.) 
July 12,2 parasites were reared on August 10,a period of 29 days. An 
adult of the host emerged on July 26,15 days before the parasites 
appeared. 

From larve taken on August 10, two parasites were reared on 
September 1, a period of 22 days. Three adult sawflies emerged on 
August 19, 13 days before the parasites. ; 

From larve confined in a cage on August 12, one parasite was 
reared on September 3 (period, 22 days), one on September 4 (period, 
23 days), and one on September 7 (period, 26 days). Adult saw- 
flies were reared from this lot on August 20, 22, and 23, an average 
of 12.5 days before the first parasite, 13.5 days before the second, 
and 16.5 days before the last parasite. 

From larve removed from the tree on August 19, two parasites 
were reared on September 18, a period of 30 days. The only adult 
sawfly reared from this lot was one which evidently remained over 
time as a prepupa and emerged September 16, only two days ahead 
of the parasite. 


1 Proc. U. S. Nat. Mus., vol. 40, p. 189, 1911. 
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The developmental period of the parasite is somewhat longer nor- | 


mally than that of its host. 
The data on the development of the parasite are given in Table 
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WAKOE 
TaBLE VIII.—Data on rearing of Hyperallus calirox. 
Period Period 
from from 
Date of Date Date Number | confine- emer- 

GENO confine- | Condition oflarve | adult araeitce of para- | ment of | gence of 

ayer ment of when confined. sawflies es aoe sites larve to | sawflies 

larve. emerged. & reared emer- to emer- 

| gence of | gence of 
parasites.| parasites. 

| Days. Days 
TO GSS eR eee BR erty cee Apr. 7 | One-third grown..| None. | May 12 1 3040 | eoeeemeee 
Ts ee ee ein Apr. 16 | Nearly fuil grown.|...do....| May 17 2 Sie OF esac 
16d 17 Os a A ial vee 2a | aan OOS oor seouse|| GWhyY 2O i Ure 110) 2 29.0 15.0 
PE(GEeeoN. See ee ee AUIS 1 OR eee donee ae Aug. 19 | Sept. 1 2 22.0 13.0 
1ST HN ee renee Aug 2a aaa dOx sess Aug. 20 | Sept. 3 1 22.0 12.5 
Aug. 22 | Sept. 4 1 23.0 13.5 
Aug. 23 | Sept. 7 1 26.0 16.5 
TO) is ae aeons mere eae INO) | Eeeec Ons. Ree 1Sept. 16 | Sept. 18 2 30.0 2.0 
Total and aver- 

AE OS arene SS toes ae ate ee eae opie Se ace Se pe ee | ca | ec oa 12 27.5 14.1 


1 This sawfly was undoubtedly from a prepupa, which held over beyond the rormal time of emergence 
for the brood, and the figure corresponding to it in the last column is omitted from the average. 


The parasite enters the ground in the body of the host and develops 
within the pupal cell of the latter. When it has entirely consumed 
its host and is full grown, it makes a very thin, brown, parchment- 
like cocoon within the pupal cell and changes to the pupal stage, 
emerging later as a light-brown and yellowish wasplike fly. 

_ This parasite is evidently not very abundant, as none was seen about 
the trees, and only 13 individuals were reared from the several hun- 
dred larvee of the sawfly confined. 


REMEDIES. 


Lack of time prevented the writer from making any tests of reme- 
dies. Without doubt, however, an arsenical spray, such as arsenate 
of lead, would very effectively destroy these insects, and this poison 
is advised when the insects occur in sufficient numbers to warrant 
treatment. The rapid increase in the spraying of peaches and 
plums with arsenate of lead in self-boiled lime-sulphur wash for the 
control of the plum curculio and fungous diseases of the fruit will 
unquestionably result in keeping the peach and plum slug well 
reduced in orchards. Its occurrence in injurious numbers is to be 
looked for largely in small unsprayed home orchards, and the 
remedial measures indicated should be followed when its presence in 
undue numbers is noted. 


U. S. D. A., B. E. Bul. 97, Part VI. D. F.1.1., February 24, 1912. 
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THE PEACH BUD MITE. 


(Tarsonemus waite. Banks, MSS.) 


By A. L. QUAINTANCE, 
In Charge of Deciduous Fruit Insect Investigations. 


INTRODUCTION. 


For the past 15 or 20 years nurserymen in the Kast have complained 
of a well-defined trouble of peach nursery stock, resulting from injury 
to the tender terminal bud of the principal shoot. The injury causes 
the cessation of further upward growth of the shoot and results in 
the development from the lateral buds of numerous branches, a 
condition very objectionable in stock of this class where a single 
vigorous shoot is desired. There have been several references in 
literature to this trouble, and entomologists are divided as to the 
cause, though in most instances a minute mite has been noted as 
associated with it. The mite in question, however, has not hereto- 
fore been examined by a specialist in the Acarina and its systematic 
position and relationships determined. Mr. Banks has recently been 
able to do this from material which was obtained from _a large nursery 
in the environs of Philadelphia, and submitted to him during Septem- 
ber, 1911. 

The mite is now identified as Tarsonemus waiter Banks. 

As the trouble is an important one, it has appeared appropriate to 
bring together at this time, so far as is possible, the recorded facts 
concerning it, with remarks on injuries caused by some other species 
of Tarsonemus. 

HISTORY. 


Prof. M. B. Waite, of the Department of Agriculture, was undoubt- 
edly first to call attention to this affection, upon which he made care- 
ful observations a number of years ago. He was able to determine 
that a mite was the cause of the trouble, and presented the results 
of his observations before the Biological Society of Washington at 
its meeting October 23, 1897, under the title “A New Peach and Plum 
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Disease.”” An abstract of these remarks, published in Science,! is 
as follows: 


Mr. M. B. Waite presented a communication on a new peach and plum disease 
caused by a species of mite attacking and killing the terminal bud of the very young 
trees. The resulting loss in the value of the trees was considerable, as many thousand 
trees would be affected in one nursery. A similar disease prevailed in the Japanese 
quince. 

No further reference to this trouble appears to have been published 
by Prof. Waite. In Entomological News,? under the caption “Pre- 
liminary notes upon an important peach-tree pest,” Prof. W. G. | 
Johnson states: i | 

In September, 1896, while inspecting the nurseries of Maryland, I found many . 
peach trees dwarfed and stunted, and at first glance attributed it to the black peach 
aphis (Aphis prunicola Kalt.). Later inspection proved conclusively that the trouble 
wasnot caused by that insect, but bysomeothercreature. A lot of trees were examined 
in my laboratory and I discovered a minute mite (Phytoptide) working behind and 
in the buds. In nearly every instance the terminal bud had been destroyed, thus 
forcing the laterals. These in turn would grow for a short time and were then killed. 
As a consequence the trees were crooked, stunted, and not salable, being less than 3 
feet in height. They were what I have termed dog-legged trees, onaccount of their 
very crooked condition. 

Prof. Johnson’s note led to some comment by other entomologists, 
and Prof. F. M. Webster, in the Entomological News,? under the 
title ““The new peach mite in Ohio,” reports the finding by Mr. C. W. 
Mally, in the course of nursery inspection work, of the characteristic- 
ally injured peach trees, though the depredator was not determined. 
It is stated that in one very extensive nursery the greater portion of 
a block of 500,000 young peach trees was more or less affected and 
the presence of the pest was noted also in another nursery in the 
same general region. | 

Prof. P. H. Rolfs in a note, “‘The new peach mite,” in Entomo- 
logical News,‘ called attention to the distribution of a mite which he 
erroneously thought to be the one referred to by Messrs. Johnson and 
Webster, namely, a phytoptid, causing a silvering of peach leaves— 
a mite which was subsequently described by Banks under the name 
Phyliocoptes cornutus from material from the insectary grounds in 
Washington. A further confusion is evidenced in a note by Mr. 
Claude Fuller, in Entomological News,® in which attention is called 
to a silvering of the leaves of deciduous fruit trees as noted by him ~ 
in South Africa and due to the attack of a very small Phytoptus. 
This is very probably similar if not identical with Phyllocoptes 
cornutus. 

Messrs. Webster and Mally refer briefly to the subject in an article 
on ‘‘Insects of the Year in Ohio,’ read before the Association of 


) 


1 Science, new series, vol. 6, Oct. 23, 1897, p. 707. 4Ent. News, vol. 9, Mar.,1899, p. 73. 
2 Ent. News, vol. 8, Dec., 1898, p. 255. 5 Ent. News, vol. 9, Sept., 1899, p. 207. 
3 Ent. News, vol. 9, Jan.. 1899, p. 14. 
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THE PEACH BuD MITE (TARSONEMUS WAITEI). 


Injury about two weeks old to peach shoots by the peach bud mite. The tips of shoots have fallen 
over and are brown and dry. (Original.) 
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Economic Entomologists at their eleventh annual meeting, Columbus, 
Ohio, in August, 1899, and published in Bulletin No. 20 of the then 
Division of Entomology.!. The injury to peach nursery stock in 
Ohio was, however, considered to be due to the plant-bug Lygus 
pratensis L.., as no evidence was found of the presence of the mite and 
the extent of injury had been observed to coincide with the abundance 
of the plant-bug in the nurseries. Also, as stated by nurserymen, 
the Lygus had been frequently observed at work. 

Dr. John B. Smith described a similar injury to peach in New 
Jersey under the caption ‘‘Peach Thrips,” ? and figures a block of 
trees badly injured, and also a block of trees which had been sprayed 
June 9 with undiluted kerosene. In the peach shoots examined by 
Dr. Smith nothing was found in the dry ones, whereas in every one 
that was yet moist from 3 to 5 minute, immature thripids were 
discovered. Dr. Smith’s evident conclusion was that the thrips 
were responsible for the trouble. Also a letter is quoted by Dr. 
Smith from Prof. W. B. Alwood to the effect that he had worked 
on the peach thrips since 1891. He was certain injury was due to a 
thrips and had determined the insect to be ériticv. 

In a further note by Prof. Johnson in Entomological News? he 
calls attention to the symptoms of injury by the peach bud mite, 
and states that the characteristic silvering of the leaves noted by 
_Rolfs and Fuller had not been noticed by him associated with the 
new mite in Maryland. On the contrary, trees in the nursery rows 
affected with the peach bud mite were easily distinguished by their 
dense green foliage and the bunching of twigs. 

In a report of the Virginia State entomologist * Mr. J. L. Phillips’ 
- treats of this affection at some length under the title ‘Notes on 
Thrips, Disbudding Insect, or Stop-back of Peach, as Observed in 
the Nurseries of Virginia.” The author states that many unsightly 
peach trees growing in nurseries in the State had been noted dur- 
_ ing the few years previous and that injury appeared to be confined 
almost entirely to nurseries located in the sandy soils of eastern 
_ Virginia, where the trees grow very rapidly when given proper care. 
Thrips were not observed by Mr. Phillips in sufficient quantity nor 
in position to fix the responsibility for the disease. On the other 
hand, mites were found to be very plentiful in the tips of the injured ~ 
trees in a number of instances, and the conviction was expressed that 
the trouble was due to them. [Experimental evidence on this point 
was obtained by placing around uninjured seedlings in pots the 
tops of seedlings showing the affection, with the result that ahs 


1 Bul. 20, n.s., Div. Ent., U. S. Dept. Agr., p: 72, 1899. 

2Twelfth Na Rept. N. 5. Agr. Coll. Exp. Sta., 1899 (1900), p. 427. 
3 Ent. News, vol. 10, May, 1900, p. 471. 

4Fifth Rept. Va. State Ent. and Path., pp. 50-61, 1904-05. 
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uninjured seedlings soon became injured in the same way, yet no 
thrips were observed on these plants. 


a 


ECONOMIC IMPORTANCE. 


Concerning losses in Maryland, Mr. Johnson, in the Entomological 
News,' states that over 125,000 trees were rendered worthless during 
1896 and 1897; and, writing in 1900,? he affirms that the injury 
still continues about as previously reported, causing dwarfed, crooked, 
and unsalable trees, and adds: 


The extent of the damage, however, this year is not so great as last, as the mite did 
not appear until after the young trees had made from 2 to 3 feet of growth, while last 
season the most injury was done when the trees were from 10 inches to 1 foot in height. 
As a result, a much larger proportion of trees this season are salable. The mites are 
still active and ruining terminals in many places. On the 9th instant I found eggs of 
this species behind injured buds in the cavities occupied. 


Dr. John B. Smith states (loc. cit.) in reference to New Jersey that | 
in almost all of the nurseries which he visited during 1899, a large © 
percentage of the trees showed this affection, and, as already noted, 
Prof. W. B. Alwood in a letter to Dr. Smith also refers to the | 
prevalence of the trouble in Virginia, as noted by him since 1891. | 

Concerning the extent of injury in Virginia Mr. Phillips states | 
(lees cits pio2): 


No peach trees had formerly been grown in the soil where these observations were | 
made prior to 1903. In that year a large block of peach was grown on one section of | 
the.farm, about 400 yards distant from the block under discussion. 

The plants grew very rapidly at this place, and were from 14 to 2 feet high on the | 
17th of May, at the time this examination was made. In the 8,500 plants examined 
the injury varied from 10 to 20 per cent, depending upon the local conditions. It 
was much worse in the slight depressions where water stood for a while after heavy 
rains. 

At this time (May 17), however, the injury had just begun to show plainly. Later — 
in the season it was found that not more than 20 to 30 per cent of the trees had escaped » 
injury in many sections of the field. Less than 20 per cent of the trees were injured in | 
some sections which were located mainly at points where the drainage was good. | 

A large block of seedling peach, standing about one-half to three-fourths of a mile 
from the budded stock, and just across the fence from the land that grew peach the year — 


before, was examined June 22. In the section of seedlings nearest to land that stood | 


in peach the previous year (just across the fence) 28 per cent of the plants had been | 
attacked at this date. At another point, about 300 feet from the land that was in | 
peach the previous year, but on a slight knoll where the soil was a little drier, only | 
14 per cent of the plants were attacked; but in a lower place, about 900 feet distant, | 
30 per cent of the plants were injured. | 
At this date (June 22) about 80 per cent of the budded peach had been injured by — 
this trouble in many sections of the field, a much larger percentage than was injured ~ 
in the seedlings; but as the seedlings were grown and budded on the land the previous 
year, it is but natural to suppose the injury would be worse in the budded stock. 


1 Ent. News, vol. 8, Dec., 1898, p. 225. — 2 Ent. News, vol. 10, May, 1900, p. 471. 
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Data in regard to height at which injury occurred on the trees. 


Number Neue Number 
Number of} injured a 1] injured 
trees in Number within 24 between 22 above 
ae uninjured. feet of the and 4 feet 4 feet from 
TOM d above the d 
ground. eround. ground. 
182 25 25 Al 21 
43 ce) 5 20 falas atc seam 
119 64 9 34 19) 
161 109 6 26 20 
225 180 13 24 8 
194 123 9 39 23 
176 94 14 39 29 


1Tn this case no distinction was made between those injured at this height and those injured at above 
4 feet from the ground. 


When the writer examined the nursery, on May 17, quite a number of the trees 
had already been injured, and the indications are that it began about May 12. The in- 
jury occurred at an almost uniform height on the trees for three periods: First, from 1 
to 2 feet high, about May 12; second, from 24 to 34 feet high, about June 12; third, 
about 4 feet high. The percentage of trees injured increased with each period, indi- 
cating that there must have been several successive broods of the form causing the 
trouble. 

The dividing line between the number injured at 24 to 4 and above 4 feet was not 
gauged properly in the latter part of the table; hence the figures in the first line should 
be considered as much more nearly correct than the others. 


( 


Occasional complaints concerning this “‘stop-back’’ disease have 
been received by the Bureau of Entomology during the past several 
years. Specimens of injured peach trees from a nursery company near 
York, Pa., were received in 1905, and the damage done was stated to 
be heavy. During the spring of 1906.2 Delaware nurseryman com- 
plained of serious loss to peach stock, estimating for the previous 
season a loss of about $2,000. The writer visited this nursery in 
June of the above year, and found the trouble quite prevalent, 
though, as stated by the owner, not so serious as the year before. In 
a large nursery in Maryland during the same year the work of the 
mite was in evidence, occurring quite generally over a large block of 
budded trees, though not especially serious. 

Complaint of this affection in a large nursery near Philadelphia 
was received July 27, 1911, through Prof. H. R. Fulton, State 
College, Pa., with specimens of injured plants. It was stated that 
there had been a considerable amount of the trouble that year as well 
as a slight amount the year previous. Mr. J. F. Zimmer, of the 
writer’s office force, visited this nursery August 24-25, and in con- 
ference with the owners it was learned that the injury during the 
year 1911 was estimated at about $15,000. This nursery was later 
visited by the writer and the injury was found to be quite serious, as 
stated, involving a portion of the large block of budded trees, 
and a small area of injured trees was found in a seedling block. The 
mite was found in some numbers working on peach, and a few 
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examples were noted by Mr. Zimmer on an adjoining block of apple 
of the Jersey Sweet and Early Harvest varieties. The varieties of 
peach most injured were Crawford’s Late, Mountain Rose, and 
Old Mixon. The varieties Crosby, Stump the World, and Georgia 
Bell were least injured. The ground planted had been in wheat in 
1909 and was planted to peach for the first time in the spring of 
1910. The buds used were obtained partly from a bearing orchard, 
but largely from nursery trees in an adjacent block, but in which no 
injury had been noted. 

A similar outbreak was also reported as occurring in a near-by 
nursery. 

A prominent nursery company in Ohio, writing of this trouble, 
states, under date of October 30, 1911: 

We have been bothered with the thrips in peach trees for 15 or 20 years. This year 
and last very bad. Some years very little. This year first time ever bothered much on 
peach seedlings. If we can get peach buds 3 or 4 feet before this pest begins, we can 
make very good trees. 

A Maryland nursery firm gives their experience as ty Lows under 
date of October 24, 1911: 

We have had lots of trouble and loss caused by the *‘setback” on peach seedlings and 
~ alsoon peach buds. In 1910 wesaw nosiens of it, but this year (1911) it caused usa good 
deal of extra expense. When the trees are stung by this insect in the terminal bud 
during the summer and when the trees are about 18 to 24 inches tall, it causes them to 
stop growing in the top and put out a lot of side or lateral branches, and if not attended 
to they will be worthless. The past summer we kept a gang of men going over our 
peach blocks and cutting or heading in the side branches in order to throw the growth 
to the terminal and make them start a second growth. In this way by constant work 
we got our trees to start to grow and the most of them finally outgrew the trouble. We 
knew no other remedy than to cut the side branches back 2 or 3 inches. We notice it 
is much worse in some places even in the same field than others. 

Prof. Waite’s careful observations, and those of Messrs. Johnson, 
Phillips, and others, indicate clearly that the Tarsonemus waitei is 
the cause of the so-called ‘‘stop-back” affection of peach nursery 
stock. It may also be true that injury practically identical in effect 
on the trees is caused by thrips, as stated by Dr. Smith and Prof. 
Alwood. Young thrips larve, principally Euthrips tritici, are very 
commonly found in the tender growing tips of various kinds of 
vegetation, and are especially common in peach nursery trees. In 
blocks of trees infested with the mite, the thrips larve have been 
found by the writer in great abundance, but never, so far as could be 
determined, killing the tips of the shoots. The writer is inclined to 
the belief that the injury in Ohio, New Jersey, and Virginia (as shown ~ 
by Phillips) is due to the Tarsonemus, its small size, agility, and 
habits contributing to its oversight. 

Any injury to the growing tip of a peach shoot, as by plant-bugs, 
would naturally produce a similar effect in causing the cessation of 
growth and the development of lateral shoots, but the comparative 
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‘scarcity of such insects in injured blocks in the territory under con- 
sideration does not warrant their association with the trouble. 

During the growing season the mites are to be found here and there 
on the plants behind the buds, or in cavities and places offermg 
protection, and one or more may usually be found at the injured tip 
under an adjacent bud or more or less covered by the mass of exuded 
eum. Injury consists in the puncturing of the tender shoot near the 
tip, which soon wilts, falls over, and turns brown and dry. 

At the injured point gum soon exudes, and the cessation of further 
growth of the shoot results in its swelling out and in a notable in- 
erease in the size of the adjacent leaves, which assume a deep glossy 
green color. Lateral shoots soon push out, the number and position 
varying widely, resulting in a crooked or bushy topped tree of but 
little market value. As stated by one nurseryman, many of the 
inserted buds which set normally, and were noted to be green and in 
healthy condition during the fall, winter, and spring, died before 
starting, or the shoot put out and died soon afterwards. The writer 
has observed a good deal of this kind of injury, especially where the 
work of the mites on the trees was later most in evidence, and this 
injury to the dormant bud may also result from the mites. 

The characteristic injury some ten days or two weeks old is shown 
in Plate XII, somewhat enlarged. It will be noted that the point of 
injury is adjacent in each case to a leaf, where the mite probably 
sought protection. The tips of the shoot above the point injured had 
fallen over and were brown and dry, and in two of the examples the 
accompanying exudation of gum may be detected. 

Some weeks later the injured shoots have the appearance shown 
in Plate XIII, about twice enlarged. The stem has filled out and there 
is a considerable mass of blackened gum and dirt on the tip of the 
injured stem. In the example on the right, a strong lateral shoot has 
developed. The large, congested leaves are also shown. 

On Plates XIV and XV is shown the appearance, in the fall, of 
trees injured by the mite. As will be seen, the plants, except in one 
instance, were cut off just below the bud. Most of the specimens 
show two distinct attacks by the mite, with consequent formation 
of lateral branches. 

As before mentioned, the peach bud mite, in the opinion of one 
nurseryman—and a careful observer—is responsible for the killing 
of the bud inserted in the seedling, as it is starting growth in the. 
spring, or after the shoot has pushed out. Plate XVI shows, con- 
siderably enlarged, buds injured in this supposed manner. 

In some cases the attack of the mite does not cause the death of 
the shoot, which continues to grow, but at the injured place there 
develops a characteristic rusty scar of variable size and shape, which 
in vigorous growing trees may become a long, rusty streak, extending 


} 
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between the nodes. Smaller rusty scars or pits are often found under 4. 
the buds occupied by the mites and undoubtedly result from the } 
puncturing of the tender tissue. | 

The mite infests both seedlings and budded trees and is also com- | 
mon in orchards. The injury to seedlings, which as a rule are budded. 
below the point from which the laterals in most cases develop, is | 
much less important than the injury to the budded stock the season — 
following. Injury in orchards has not thus far been observed to be © 
serious, but the mites are usually common and might be readily | 
introduced in nurseries with budding-wood. 


HABITS AND NATURAL HISTORY. 


But few observations have been made on the habits of the peach — 
bud mite and further information is very desirable for a proper appli- — 
cation of control measures. According to Prof. Waite, as detailed to | 
the writer in conversation, the mites hibernate on the plants behind — 
the bud scales. It 1s especially important to know if the mite winters | 
exclusively on the dormant nursery trees and if it has other important | 
food plants than the peach. The writer examined in March, 1906, | 
a lot of dormant peach stock from an infested nursery, including — 
several trees badly injured, and only one mite was found hidden in a 
small cavity in the stem near the base of the tree. December 15, 
1911, a lot of 36 1-year peach trees badly injured by the mite were — 
carefully examined, and while two specimens of a gamasid mite | 
were found, no specimens of the peach bud mite were discovered. 

The mites appear on the trees quite early in the spring, and by 
the time the shoots are 18 or 20 inches in height, their injury is much 
in evidence. As stated by Mr. Phillips for tidewater Virginia, the 
injury has begun to show plainly by May 17, at which time 10 to 20 
per cent of the trees already showed more or less symptoms of attack. 
Mr. Phillips believed that the injury began as early as May 12, and 
presents a table showing the proportion of trees injured at different 
heights from the ground, as already quoted (p. 107). In a Delaware 
nursery, injury was very common by June 6, the attack begining 
apparently two or three weeks earlier. Dr. Smith, speaking of 
thrips injury in New Jersey, states that it was quite common by 
June 8, at which date almost 50 per cent of the shoots in nurseries 
examined had the terminals killed. It is evident, therefore, that the 
mite begins operations during the latter part of May. Mr. Phillips’s 
observations indicate three different periods of principal injury, 
which he considers mark as many generations of the mite. 

Breeding probably occurs largely on the trees. Mr. Johnson records 
finding eggs of the mite in cavities behind the injured buds. The 
writer on different occasions has found the mites of various sizes 
behind buds, indicating that they had there developed. 
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The condition of peach nursery trees in the fall, due to injury by the peach bud mite. 
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SYSTEMATIC RELATIONSHIPS AND OTHER ECONOMIC SPECIES. 


According to Banks! the family Tarsonemide is a small one of 
much biological and economic importance. There are two sub- 
families, Pediculoidine and Tarsoneminz. These soft-bodied mites 
resemble also the Tyroglyphide, though the females differ from 
these and all other mites in the presence between the legs (pairs 1 and 
2) of a prominent clavate organ of uncertain use. Concerning the 
systematic position of the family there has been considerable doubt 
among the students of the Acarina and it has not long held any one 
position. It has been associated with the Oribatide and the Chey- 
 letidz, and, according to Berlese, the family constitutes one of the 

principal groups of the order. 

The subfamily Tarsonemine includes but two genera, the species 
differing from those of the other subfamily in that the hind leg of the 
female ends inalong hair. The two genera, Disparipes and Tarsone- 
mus, are represented by a considerable number of species, and many 
species of Tarsonemus are of distinct economic importance. Tar- 
sonemus oryze Targ.-Toz.infests the culms of the rice plant in Italy, 
and produces the malady described by Negri under the name “‘bian- 
chella”’ (bleaching), which is particularly characterized by the pres- 
ence of numerous very fine threads or fibers thought to be produced 
by this acarid; this thread-spinning habit 1s not found, apparently, 
associated with any other species of the genus thus far known. 

An affection of oats in France and Germany caused by Tarsonemus 

- spirifer March. has recently been well treated by Dr. Paul Marchal 

and others.’ The mites inhabit the sheath surrounding the head or 
panicle of the oat plant, preventing proper development, and causing 
the stem to assume a distorted spiral shape, which may push out 
along the side. In other cases the distorted stem is held inclosed in 
the sheath, which becomes fusiform, and these plants are called 
““avoines en cigares.”’ ‘The mites appear early in June and the charac- 
teristic spirals during the second fortnight of the same month; all 
stages, as the egg, larva, and both sexes of the adult being found 
together on the plant. It is not known how this mite passes the 
winter. Marchal suggests the possibility that it may hibernate in a 
very resistant condition in the soil, though evidence to the contrary 
is cited as obtained by M. Guille, who considers it probable that the 
mites migrate in the fall to adjacent wild grasses. The mite also 
lives in wheat, barley, and rye, though oats is the preferred food. 
Excessive dry weather is regarded as favorable to its development. 


1Proc. U. S. Nat. Museum, vol. 28, p. 74, 1893. 
2 La mallatia della bianchella del riso cultivato. Casale, 1873. 
3 L’ Acariose des avoines. Annales de l'Institut National Agronomique, 2d ser., tome 6, fasc. ler, 1907. 


112 DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


Tarsonemus ananas Tryon was determined by Tryon to be the — 
primary cause of a disease of pineapples in southern Queensland.’ | 
The mite infests the pineapple plant quite generally, as the stem of | 
the fruit, deep between the bases of the leafy bracts, forming the tuft _ 
at top of plant, and especially the fruitlets, where, by its puncturing 
with its styliform mandibles at the base of the cavity containing the 
essential organs, an injury is produced which may be followed by the 
invasion of a fungus, resulting in the so-called ‘‘fruitlet core rot.” 
The mites are never very abundant and shun the light, inhabiting 
principally the deeper recesses of the fruit. 

Two species of Tarsonemus have been reported by Mr. A. D. 
Michael as injuring sugar cane in Barbados.? One species, which he 
calls Tarsonemus bancrofti Michael, also occurs in sugar cane in Queens- 
land. The mites were exceedingly abundant in all stages on the canes 
observed by Mr. Michael, living principally under the leaf sheaths. 
They are thought to be present in other sugar-producing countries, 
but have thus far escaped notice. The infestation of cane by mites, 
according to Mr. Bovell, superintendent of Dodds Botanical Garden, 
reduces the annual yield of sugar from 3 tons to 1 ton per acre. 

Another mite, Tarsonemus culmicolus Reuter, produces a silver-top 
disease of grasses in Finland,’ occurring especially on Phleum,pratense, 
Agropyron repens, and Festuca rubra. This species has been well 
treated by Dr. Enzio Reuter. The mites are present on the grasses 
from early spring to fall, infesting the interior of the leaf-sheath, 
living on the tender stem above the highest node. While no deformity 
results, the extraction of the juice occasions the drying up and death 
of the inflorescence, which remains filiform and turns white. 

Tarsonemus latus Banks was found by Banks in some small mango’ 
plants in-one of the department greenhouses in Washington. Some 
plants had stopped growth, and the mites occurred principally - 
onthe swollen and partially discolored tips. 

Tarsonemus pallidus Banks was found on a chrysanthemum in a 
greenhouse near Jamaica Plain, N. Y.® 

There are numerous other species, but those cited will serve to 
show the importance from an economic standpoint of this group of 
small creatures, and adds additional evidence, by reason of its rela- 
tionship, that our peach bud mite isresponsible for the injury to peach 
herein described. ) = 


1 Fruitlet core rot of pineapples. Queensland Agr. Journ., 1898, p. 458. 

2 Report on diseased sugar cane from Barbados, ete. Bull. Royal Gardens, Kew, 1890, p. 85. 

3 Uber die Weissahrigkeit der Wiesengriiser in Finland. Acta Soc. pro Fauna et Flora Fennica, vol. 19, 
No. 1, 1900, p. 77. 

4Journ. N. Y. Ent. Soc., vol. 12, 1904, p. 55. 

5 Proc. Ent. Soc. Wash., vol. 4, 1898, p. 294. 
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The condition of peach nursery trees in the fall, due to injury by the peach bud mite. The 
specimen on the right is not over 18 inches high, the specimen on the left shows two dis- 


tinct periods of attack. (Original.) 


Bul. 97, Part VI, Bureau of Entomology, U.S. Dept. of Agriculture. PPATE OX VE 


THE PEACH BuD MITE. 


Injury to buds supposedly due to peach hud mite. 


These dormant buds were green all winter 


and were killed in the spring as growth commenced. Enlarged. (Original.) 


re 


THE PEACH BUD MITE. 113 


REMEDIAL CONSIDERATIONS. 


There is but little information available bearing on the control of the 
peach bud mite. Prof. Waite, in conversation, informed the writer 
that when the trouble was present several years ago in his nurseries, 
he was able to prevent injury by thoroughly spraying, during the 
dormant season, the trees subject to injury with lime-sulphur wash. 
It was not learned, however, whether trees were left untreated for 

purposes of comparison. The known effectiveness of sulphur, dry 
or in soluble compounds, against mites in general is ground for the 
belief that sulphur sprays would be effective in this case. It is 
uncertain, however, whether the mites winter exclusively on the 
“peach nursery stock. The value of dormant treatments would 
‘depend upon the extent to which the mites hibernate on the trees. 
There is some evidence that they hibernate elsewhere. In the instance 
of serious injury in the Delaware nursery, earlier mentioned, all of the 
block of peach stock, save one row, was sprayed with lime-sulphur 
wash during the spring of 1906 (dormant buds). Examinations by 
the writer during the following summer did not show any difference 
between the sprayed and unsprayed trees, and the infestation was 
uniformly quite prevalent. 

It has been the practice for some years of one large nursery firm to 
spray blocks of their peach trees during the dormant period witha 
miscible oil used at full winter strength. Notwithstanding this 
practice the trees have been seriously injured by the mite, and in one 
large block thus sprayed during the dormant period of the spring 
of 1910 the mite was especially prevalent in one portion during the 
summer of 1911. These results suggest that the mites also winter 
in other places than on the peach trees. 

In the experience of Mr. Phillips, already quoted, (p. 106), con- 
siderable benefit resulted from prompt attention to pruning the injured 
plants, so as te correct the trouble as much as possible, by the selec- 
tion and forcing of one of the best lateral shoots. He treats this 
question at some length (loc: cit.) and his table of results from prun- 
ing tests is herewith quoted: 


Data in regard to pruning peach trees in the nursery affected by ‘‘stop-back.”’ 


ne + + Number of| Percentage 
Bee doth, | yumber |avumber | Number)” injured’ | of pruned 
Varieties. Ss oa pruned ; trees that | trees that 
of trees by May 18 trees x 
in row. | May 18. Siw ING te Aiay | eee ED Stews 
: = straight. straight. 
Vonderful..... ts ol Ge Dee ee 1, 259 147 147 46 101 68 
Mar OTente rs. Stee 1,010 150 150 ZO) 110 73 
CL Oe se eek Seas Meee ok ons 1,130 133 Checl SUVACYES Ja te Hea hs el fy eheate Sea 
hs sce ge SRN Spee eo 160 2 25 225 | 3 22h s 88 
| | 


1 Some time after this row was decided upon as a check, it was learned that one of the laborers had pinched 


= aaa of trees at one end. This accounts for there being fewer crooked trees than had been injured 
ay 18. 


2 June 22. 
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In this article Mr. Philips concludes: 


We were not able to give enough time to the work to have the trees pruned more | 
than once, but the success of this pruning indicates that the trouble can be prevented | 
almost entirely by judicious pruning. Indiscriminate pruning, by an ordinary laborer, 
is not, however, likely to produce beneficial results. | 

This work costs but very little in excess of the regular pruning, as both can be done 
at the same time. 

The first pruning should be done about the middle of June. 

In order to make it entirely effective, a second pruning should be given a few weeks 
after the first. 

Where this attack occurs in peach trees that are not growing rapidly, the pruning 
should be supplemented by a dressing of nitrate of soda to promote growth. 

Good drainage will likely prevent the trouble in a large measure. 


As stated on page 108, pruning out the laterals from the injured 
trees, thus forcing one of the more terminal shoots, was followed the 
past season by a Maryland nursery. company with good results. 
The pruning method would appear to be of considerable benefit, and to 
a large extent this special work may be combined with the usual 
necessary prunings required in growing trees of this kind. In loca- 
tions where the mites are likely to be troublesome a lookout should 
be kept for their injury to the plants in the spring. The tips of the 
lateral shoots should be pinched off, except the first strong lateral 
below the injured point, which it is desired to force ahead as much 
as possible. 

A thorough application of a suitable spray to the infested trees, 
especially during ‘the period of attack in late spring, should be of 
decided value, though the writer knows of no actual work of this 
kind having been done. At this time the mites are on the trees in 
numbers, and by thorough spraying many of them should be killed. 
A contact spray such as kerosene emulsion or whale-oil-soap solution 
should be effective, and especially the self-boiled lime-sulphur wash. 
Most observers agree that the mite is more prevalent on trees on low 
situations. While the writer has noted exceptions to this condition, 
it seems for the most part to be true. Planting trees on higher situa- 
tions where the soil is well drained would perhaps be advantageous 
in localities where the mite has come to be quite troublesome. 


ws. D.A., B. E. Bul. 97, Part VII. D. F. I. I., May 4, 1912. 


PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


THE GRAPE SCALE. 
(Aspidiotus [Diaspidiotus] wx Comst.) 


By JAmes F. ZiMMER, 
Entomological Assistant. 


INTRODUCTION. 


The grape scale, Aspidiotus (Diaspidiotus) uve Comstock, has been 
_ reported as more or less destructive to grapevines during the last three 
_ decades. The insect occurs, to a very limited extent, on certain 
| forest and shade trees, though the records do not show serious injury 
_ to plants other than the grape. 
__ Apparently the earliest record of this species is to be found in the 
notes of the Bureau of Entomology. Under date of November 12, 
1875, from St. Louis, Mo., Mr. Theodore Pergande forwarded speci- 
mens of the grape scale to the Entomologist of the Department of 
Agriculture. This insect was later found at Vevay, Ind., as stated by 
Prof. F. M. Webster,’ by Mr. C. G. Boerner, though no date is given. 
This material was used by Prof. Comstock in the preparation of the 
original description of the species which appeared in the Report of the 
Commissioner of Agriculture for the year 1880, pages 309-310. 


DISTRIBUTION AND FOOD PLANTS. 


In addition to the records above cited, the grape scale was received 
from Miss Mary EK. Murtfeldt, Kirkwood, Mo., in 1888, and it was 
stated that grape canes in that vicinity were very badly infested with — 
the insect. Two years later specimens of the grape scale were received 
from Prof. F. M. Webster at Lafayette, Ind., with a similar report as 
to its occurrence. 

In October, 1897, Mr. F. Noack reported the grape scale in vine- 
yards in the vicinity of Sio Paulo, Brazil, and in January, 1900, the 
grape scale was reported on sycamore, from Atlanta, Ga., by Mr. 
W. M. Scott. 

This scale was also found on sycamore by Mr. James G. Sanders, at 
Columbus, Ohio, in 1902, and was reported from Gentry, Ark., on 
grape by Mr. E. L. Jenne, of this bureau, in 1900. Many other reports 


1Scale insects. Indiana Horticultural Society, Report for 1896, p. 16. 
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have been noted and the list of host plants found thus far is as follows: 
Ampelopsis sp., Carya alba, Carya sp., cultivated grape, Platanus 
occidentalis, Platanus sp., European grape (Vitis vinifera), and wild ’ 
grapes (Vitis spp.). | 

The records do not show that there is variation among the different : 
varieties of grapes as to susceptibility to attack, but it is likely that — 
the stronger-growing sorts would be least aod So far as known 
the grape scale is of no economic importance, except on the grape, but — 
it has been the subject of frequent complaint on grapes during the 
past few years and in certain vineyards in the environs of Wash- — 
ington its injuries have become decidedly important, requiring treat- — 
ment for the preservation of the vines. 

From the above it will be seen that the grape scale is rather widely — 
distributed in the eastern United States, occurring from Florida north — 
to New Jersey and as far west as Missouri. From published records 
and those in the Bureau of Entomology, it is known to occur in the — 
following States: Alabama, Arkansas, Delaware, District of Columbia, 
Florida, Georgia, Illinois, Indiana, Kansas, Kentucky, Maryland, 
Mississippi, Missouri, New Jersey, North Carolina, Ohio, Tennessee, 
Virginia, and West Virginia. It has also been reported from foreign 
countries, being listed from many parts of Europe, from Brazil, 
Jamaica, and the West Indies. 


HABITS AND NATURAL HISTORY. 


Grapevines, when badly infested with the grape scale, have the 
appearance of being coated with a profuse, dingy white scurf. (See 
Pl. XVII.) The scales occur upon the canes, protected by the shreds 
of the exfoliated bark tissue of the previous season’s growth. From 
observations made, this insect seems to have many habits similar to 
those of the San Jose scale (Aspidiotus perniciosus Comst.). The | 
grape scale, when abundant, very materially retards the development 
of the vines and always infests the second year’s growth. The young 
“lice” have the peculiar habit of settling inrows. (See Pl. XVIII, fig 
1.) Frequently the canes are so thickly infested that they have the 
appearance of having been treated with a heavy coat of whitewash. 
The insect apparently does not spread readily, as it has often been 
noted that while one vine in a row may be badly infested, not a single 
scale is to be found on adjacent plants. 

The female insect, during the months of May and June, gives birth 
to from 35 to 50 living young. After a brief active stage of about 
two days, the young ‘“‘lice”’ settle down on the cane and there is a 
fairly uniform development. During the period of growth from the 
immature larva to the adult stage, the insect molts or casts its skin 
twice. As is true with all of the armored scales, the life of this 
insect, with the exception of the short period of activity of the young, 
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GRAPE CANES, ENLARGED, SHOWING INFESTATION BY THE GRAPE SCALE, ASPIDIOTUS 
(DIASPIDIOTUS) UVA. 


Note how the scales occur in rows on the canes. (Original.) 
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THE GRAPE SCALE. 


Fig. 1.—Showing how the young scales settle, more or less, in longitudinal rows. Fig. 2.—Full- 
grown male and female scaies; also many parasitized individuals. Fig.3.—Pygidium of adult 
female, showing circumgenital glands and orifice, lobes, and spines. (Original.) 


were kept under occasional observa- 


‘seale is closely cemented to the bark of the 


diameter 1.1 to 1.7 mm., circular and comparatively 


| by 0.23mm. long. Median lobes prominent, more or 
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and an equally brief period of activity of the winged male, is passed 
under the protection of a waxy covering, closely applied to the host 
plant. The female is wingless throughout her life. The adult 
winged male appears in June. The winter is passed by the insects in 
a nearly full grown condition. Our observations show that there 1s 
only a single brood of larve each year. It also appears that this 
species does not deposit eggs, as has been thought, but that the 
female is viviparous. 

Some newly born. larve (fig. 26) 
were placed on a grape cane in 
order to ascertain the length of the 
active stage. The crawling “lice” 


tion and at the end of 24 hours all were 
still moving, but after 48 hours all lice had 
settled down and had already begun the 
excretion of the white waxy covering. The 
scale formed over the young insect is 
whitish in color and appears to have two 
rings on its dorsal surface. The edge of the 


twig. 

- Many larvee were examined to ascertain 
how fully the lobes were developed. When 
one day old, well-developed median lobes 
were found to be present. 


DESCRIPTION.' 


Scale of female (Pl. XVIII, fig. 2).—Yellowish- 
brown, slightly lighter than the bark of the vine, 


flat, exuvie bright yellow, subcentral. 
Scale of male (P1. XVIII, fig. 2).—Elongate, length 
0.9 to 1.0 mm., width 0.5 mm., exuvie to one side, Fic. 26.—The grape scale: Newly 
slightly darker and more convex than female scale. _ hatched larva, ventral view, show- 
Adult female (P1. XVIII, fig.3)—From1ltol.4mm. 8 eS eee, B coeace 
3 ments. Much enlarged; A and B 
in length, oval. Anal plate 0.4 mm. broad at base moreenlarged. (Original.) 
less parallel, slightly diverging at tip, notched on each margin, with inner noich fairly 
prominent and slightly elevated; lateral lobes wanting or rudimentary, as is the case 


| with ancylus; two distinct lateral incisions present; paraphyses of first incision conspicu- 
| Ous, inner the largest, pear-shaped; paraphyses of second incision much smaller; 
| plates minute, obscure; spines on dorsal surface strongly developed, one on median 


lobe, one cephalad of each incision, and one halfway to the penultimate segment, 


| ventral spines smaller and lateral of dorsal spines; anal opening small, circular, about 


two and one-half lobes length from tip of median lobes; paragenitals, median 0-4, 
anterier laterals 4-9, posterior laterals 3-7; dorsal pores present in three rows, first con- 


1 Prepared by Mr. E. R. Sasscer, of the Bureau of Entomology. 
71419°—Bull. 97—12 9 


118 DECIDUOUS FRUIT INSECTS AND INSECTICIDES, — 


sisting of two at first incision, second of eight at second incision, third of five to eight | 
caudad of fourth spine; median and lateral basal thickenings prominent; apical ven- 
tral chitinization strongly developed, brown; ventral longitudinal ridges fairly dis- 
tinct. (See Pl. XVIII, fig. 3.) 

Winged male (Pl. XIX).—Appears in June; at least no record of its earlier appear- 
ance can be found in literature, and the writer reared no males previous to this date. 
Head 0.06 mm. long, 0.107 mm. wide, about the same color as the thorax, nearly 
rectangular in shape, broadening somewhat at base. Eyes brownish in color, located 
on the side of head near the front. Ocelli two in number, on the upper part of the epi- 
cranium, and lighter in color than the compound eyes. Mouth parts apparently 
absent. Antenne about same color as thorax, bearing 10 segments, the basal one | 
being short and nearly globose, others nearly uniform in size, with spines or hairs _ 
which are longer on the apical segment and absent on the basal. Length of antennal 
segments: (1) 0.016 mm., (2) 0.016 mm., (3) 6.049 mm., (4) 0.049 mm., (5) 0.05 mm., | 
(6) 0.066 mm., (7) 0.049 mm., (8) 0.032 mm., (9) 0.041 mm., (10) 0.04 mm. Width | 
of segments: (1) 0.024 mm., (2) 0.016 mm., (3) 0.014 mm., (4) 0.016 mm., (5) 0.018 | 
mm., (6) 0.016 mm., (7) 0.016 mm., (8) 0.018 mm., (9) 0.018 mm., (10) 0.012 mm. 
Abdomen eight-segmented, having at the caudal end a long spikelike appendage, 
termed style or genital spike (see Pl. XIX, fig. 2), about 0.215 mm. long and 0.033 
mm. wide at base, tapering to a sharp point grooved below, forming a sheath for the 
penis, this sheath bearing four hairs or bristles at base, two on the dorsum and two. 
stronger, ventrad. Thorax, general color pale clay-yellow, with edge of the thoracic 
shield darker, approaching cadmium-yellow; slightly longer than broad, crossed_at the | 
central part of dorsum by a heavy pale-brown band about one-half the width of the 
thorax at point of intersection; cephalic and caudal margins slightly concave, with — 
blunt-shaped ends. Wings, length 0.56 mm., width 0.249 mm., covered with nu- 
merous spines, colorless, very narrow at base, bearing two main veins, the costal pre-_ 
senting caudal serrations (see Pl. XIX, fig. 4); located on the lateral margin of the | 
metathorax are the ‘‘halteres,’’ or ‘‘balancers,’’ which hook into the lobes at the base 
of the wings, giving them additional strength. Legs about the same color as body; 
coxa very broad, stout, wider at base; trochanter nearly rectangular, stout, not so 
broad as coxa; femur narrower at proximal extremity, growing broader distad; tibia 
slender, with hairs near distal end; tarsus rather broad at base, gradually tapering — 
toward claw, also with many hairs at distal end; claw broad at base and curved inward. 
Measurements of left posterior leg, as follows: 


Width. | Length. Width. | Length. — 
| Mm Mm. Mm Mm 
CO ame Say ent Rd ae 0. 03 02046: | Dibias +. a= as eee 0. 023 0. 08 
Rhrochantene 2! ae Rea O11 ait TRATSUS soe eee ee eee -0!19 061 
TH GTIRUTE Note eee ae ee ee .03 .092 || Claw....-- pace a ee aca . 003 . 007 
PARASITES. 


SPECIES PREVIOUSLY RECORDED. 


In one publication’ Miss Mary E. Murtfeldt reports a species of 
Centrodora as being found parasitizing the grape scale. 

In another publication ? Miss Murtfeldt mentions that the grape 
scale is preyed upon by mites belonging to the genus Tyroglyphus. 

In 1888 and 1889 Miss Murtfeldt sent in a few specimens of a par- | 
asite which proved to belong to the Chalcidide, subfamily Aphelinine, _ 


1 36th Ann. Rept. Hort. Soc. Mo., pp. 118-119, 1893. 2 Insect Life, vol. 7, p. 5, 1894. 
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ALB. det. 


THE GRAPE SCALE. 


Fig. 1.—Adult winged male. Fig. 2.—Genitalia of male. Fig. 3.—Antenna of male. Fig. 4.— 
Serrations on costal vein. Fig. 5.—Tarsus and claw of maie. (Original.) 
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in which it formed a new gerius; it was later described as Prospaltella 


_murtfeldtii How. More than a dozen of these little Hymenoptera 
emerged from the scales on a piece of grape cane about 5 inches long. 


SPECIES REARED BY THE WRITER. 


~ On May 20, 1911, the writer examined many female scales and 
found that about 80 per cent of the insects were parasitized. (See 
Pl. XVIII, fig. 2.) In some instances the parasites were found under 


Fic. 27.—Cage used in rearing parasites of the grape scale. The parasites come to the light and are en- 
trapped in the glass tubes. After model of the California State Board of Horticulture. (Original.) 


the exuvix, but generally the parasite had emerged, leaving an exit 
hole near the central upper part of the scale. 

Many grape twigs were placed in a parasite rearing cage, shown in 
figure 27, amd as the parasites emerged they came to the light and 
were entrapped in the test tubes. 

The following species of the parasites reared were determined by 
Dr. L. O. Howard: Ablerus clisiocampe Ashm., Physcus varicornis 
How., Azotus marchali How., Coccophagus n. sp., Aphelinus fuscipen- 
ms How., Prospaltella murtfeldtii How., Ablerus n. sp., and Physcus sp. 
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Mr. J. C. Crawford determined a parasite reared from this species |) 
as belonging to the family Ceraphronide, but on account of the 
crushed condition of the insect the species was unrecognizable. Ff 

Many of the parasites reared from this scale belonged to the family — 
Encyrtide and were sent to Mr. A. A. Girault for determination; | 
they all proved to be one species, Signiphora pulchra Girault MS. 

The following is a complete list of the parasites reared by the writer 
from the grape scale: Ablerus clisiocampe Ashm.; Ablerus n. sp., 
Physcus varicornis How., Physcus sp., Azotus marchali How., Cocco- 
phagus n. sp., Aphelinus fuscipennis How., Centrodora sp., Pros- 
paltella murtfeldtii How., Signiphora pulchra Girault MS. The scale 
was also found infested with the predaceous mite Tyroglyphus sp. 


PREVENTIVES AND REMEDIES. 
LIME-SULPHUR WASH. 


The lime-sulphur spray mixture is one of the most important 
insecticides used by the fruit grower in combating scale insects. It — 
is prepared as follows: 


FORMULA. 
Slonevlime ss: sie eae oe eee ee oe oe PONE saan 
Sulphur:(flowers or hour 22s: - 2-3 aes ae eee eee do: eests 
Water to snake ooo os eee eres See ee ee eee gallons.. 50 


First heat in a kettle or caldron about one-third the quantity of 
water required. When the water is hot, add all the lime and immedi- 
ately add all the sulphur. The latter, however, should have been 
previously put through a fine-mesh sieve in order to eliminate the hard 
lumps, and have been mixed into a stiff paste with water. When the 
lime has slaked, about another one-third of the water should be 
added and the cooking should continue for from 40 minutes to 1 
hour; then the remainder of the water should be added. The solution 
should always be strained in order to eliminate the lumps and lessen 
the danger of clogging the nozzles. 


SELF-BOILED LIME-SULPHUR WASH. 


The self-boiled lime-sulphur mixture is made by the heat generated 
in slaking the lime, and may be used for spraying infested vines in 
foliage. . 


FORMULA. 
pione lime; 75 Ais ee eee ee pounds... 8 
Sulphur (lowers-or flour)2£222.2252 5 = oo ee ee dos Sas 
Water to makels2. ee eee eee gallons.. 50 


Place the lime in a 50-gallon barrel, add 2 or 3 gallons of cold water, 
then add the sulphur, which should have been previously screened. 
Stir the mixture occasionally and add more water if the solution 
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becomes too thick. As soon as the lime has completely slaked add 
cold water to make the 50 gallons. Strain the liquid before pouring 
it into the spray tank. 


OTHER SPRAYS. 


In addition to the lime-sulphur sprays other contact insecticides 
may be employed, as whale-oil-soap solution, kerosene or crude 
petroleum emulsion, etc. For winter treatment, however, probably 
nothing would be better than the strong lime-sulphur wash above 
mentioned. For some unexplained reason, sulphur sprays when used 
on grapes in foliage produce harmful effects in checking the growth 
of the foliage. When it is desired to treat the grape scale during the 
period of foliage of the vines, the use of whale-oil soap at the rate of 
1 pound to 3 or 4 gallons of water, or of 10 to 12 per cent kerosene 
emulsion, may be advisable. 

There are on the market certain proprietary sprays, known as 
miscible oils, and also concentrated lime-sulphur solutions. These 
have only to be diluted with water and are ready for use. Where but 
a small amount of spraying is to be done, their employment will often 
be found advantageous in preference to making washes at home. 


WHEN TO SPRAY. 


Summer sprayvng.—The larvee appear in the vicinity of Washington, 
D. C., about the middle of May, and it is necessary to give the first 
application about one week after their first appearance. Of course 
south of this locality one would expect them to appear a few days 
- earlier and north of it a few days later. Close examination has shown 
that the larve are constantly hatching and crawling over the plant 
during a period of about two months, each ‘“‘louse”’ settling down, 
however, within about 48 hours. On May 5, 1910, some grapevines 
which were badly infested with this insect were sprayed with self- 
boiled lime-sulphur wash, only one application being made, and upon 
a later examination only a few living insects were found. On account 
of the habit of the young ‘“‘lice”’ of settling under the shreds of dead 
bark it is very difficult to apply the liquid so that it will come into 
contact with all the insects. This makes it advisable to give a second 
and sometimes a third application. 

Winter sprayung.—As the foliage is very susceptible to burning, the 
stronger caustic sprays must be applied during the dormant period 
of the plants. The concentrated lime-sulphur wash and strong whale- 
oil soap wash, as well as strong kerosene emulsion, are used during 
this season of the year. As the winter is passed by the insects under 
the protective scale covering, an application, in order to be effective, 
must be very thoroughly made. 
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